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Abstract

Performance indicators play a key role in management practice. The
existence of a coherent and consistent set of performance indicators is
widely regarded as a prerequisite to making informed decisions in line
with set objectives of the firm. Designing such a system of performance
indicators requires a profound understanding of the relations between fi-
nancial and non-financial metrics, organizational goals, aspired decision
scenarios, and the relevant organizational context—including subtleties
resulting from implicit assumptions and hidden agendas potentially lead-
ing to dysfunctional consequences connected with the ill-informed use of
performance indicators. In this paper, we investigate whether a domain-
specific modeling method can address requirements essential to the reflec-
tive design of performance measurement systems, and which structural
and procedural features such a method entails. The research follows a de-
sign research process in which we describe a research artifact, and evaluate
it to assess whether it meets intended goals and domain requirements. In
the paper, we specify design goals, requirements and assumptions under-
lying the method construction, discuss the structural specification of the
method and its design rationale, and provide an initial method evalua-
tion. The results indicate that the modeling method satisfies the require-
ments of the performance measurement domain, and that such a method
contributes to the reflective definition and interpretation of performance
measurement systems.
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1 Introduction
Performance indicators are deeply entrenched in the long and intricate history
of the measurement of organizational performance. Popularized in the after-
math of the “Management By Objectives” interpretation of Drucker (1954)’s
“The Practice of Management” and picked up by the performance measurement
“movement” (Eccles, 1991), performance measures appear to be the key tool in
the practicing manager’s toolkit:1 The availability of a coherent and consistent
set of performance indicators is regarded as a prerequisite to making informed
decisions in line with organizational goals (Fortuin, 1988; Epstein and Manzoni,
1998). Linking performance indicators to incentive systems further attempts
to establish management control (Simons, 1995; Simons et al, 2000). Originally
focused on the financial results of the firm, it has repeatedly been proposed that
firms should complement financial indicators (e.g. turnover, return on capital
employed) with non-financial indicators (as related to time, quality and flexi-
bility) to form a comprehensive performance measurement system as associated
with the SMART Pyramid (Lynch and Cross, 1991), the Balanced Scorecard
(Kaplan and Norton, 1992, 1996a) and Strategy Maps (Kaplan and Norton,
2004).

Performance indicators are constructs designed to create a model of organi-
zational performance appropriate for a specific purpose. They are conceived by
purposeful abstraction based on the plausible assumption that managing large
organizations requires the reduction of complexity in order to avoid information
overload (Lebas and Euske, 2007). In addition, managerial use of indicators is
motivated by two further assumptions. First, setting and pursuing objectives
is often regarded as an essential prerequisite of rational action (Simon, 1964).
Second, it is a widespread belief that outcomes of a course of action affecting
the achievement of an organizational goal need to be measurable to permit de-
cision making and management control (Ridgway, 1956). Management practice
has—as it appears, inevitably—adopted the use of performance indicators. Per-
formance measurement systems seem to pervade most medium-sized and large
organizations (e.g. Speckbacher et al, 2003).

1In line with Lebas and Euske (2007, 128), “[w]e prefer the word ‘indicator’ to the more
traditional one of ‘measure’. A measure often implies precision; it is usually well-defined,
and in similar circumstances its numerical value should be the same. An indicator may be
less precise, but meaningful; indicators tend to allow for more timely and sensitive signals”.
The term “measure” rather than “indicator” is common in performance measurement literature
(Kaplan and Norton, 1992; Neely et al, 1997; Bourne et al, 2005). The latter underlines that a
numerical representation is deliberately chosen—according to some rule—to indicate the state
of some entity that is being evaluated (Nagel, 1931; Smith Stevens, 1959). Managers often
refer to “Key Performance Indicators” (KPI) suggesting a deliberate selection from among a
wide range of conceivable performance indicators for a specific scope (Hope, 2007). Also note
the different connotations of the term “measure” when used as a verb or noun. “Measure”
as a noun has a meaning of “an official action that is done in order to achieve a particular
aim” (Oxford Advanced Learner’s Dictionary, 7th edition) which complicates interpretation
in the context of our study. Hence, for the sake of terminological clarity, we prefer to strictly
distinguish between actions leading to some outcome and indicators designed to measure some
feature of an outcome. Thus, performance indicator system and performance measurement
system will be used interchangeably.
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Though performance indicators may be an effective instrument for decision
making and for management control, they can bring with them serious draw-
backs (Perrin, 1998). First, indicators may not adequately measure contribu-
tions to the achievement of goals they are supposed to operationalize (Nørreklit
et al, 2006, 2007). As a consequence, they may compromise decision making.
Second, intentions connected with organizational indicator use may be in con-
flict. This can lead to misunderstandings and to staff acting in ways contrary to
organizational goals. Hence, indicators may promote actions incoherent or even
contradictory with respect to organizational goals. In addition to encouraging
intended actions, incentives linked to indicators may also have dysfunctional
consequences (Ridgway, 1956). Lastly, there are doubts that all aspects rel-
evant for organizational decision making can be represented by performance
indicators without an unacceptable degree of bias (Moers, 2005). In summary,
performance indicators are ambivalent concepts. On the one hand, they may be
beneficial aids that help to cope successfully with complexity in organizations
and that contribute to reasoned justification. On the other hand, they may be
a source of misconceptions and bias that is a threat to effective, goal-oriented
organizational action (Townley et al, 2003 provide an illustrative example in
this regard). It is this particular ambivalence that calls for the thoughtful,
reflected and rational—in short, the reflective—design and subsequent use of
performance indicators and performance measurement systems (for an ethical
reasoning, see Rosanas and Velilla, 2005; Rosanas, 2008). The design of per-
formance indicators and performance measurement systems is extensively dis-
cussed in literature (for an overview, see e.g. Bourne et al, 2003; Chenhall and
Langfield-Smith, 2007). However, methodical support for the reflective design
and use of performance measurement systems has not yet received particular
attention in literature (Nørreklit et al, 2007).

Organizational performance is “a relative concept, requiring judgment and
interpretation” (Lebas and Euske, 2007, 136) on the part of both the stakehold-
ers involved and prospective users. Interpretation and judgment presupposes
a shared understanding of organizational performance, which in turn implies a
common conceptual framework of constituent terms and their semantics. One of
the constituents of such a framework, the organizational context, is of particular
importance to accurate interpretation (Neely et al, 1997). Thus, performance
indicator design has, in particular, to account for the organizational goal the
indicator is designed to represent, the resources and processes the indicator
relates to, and the organizational roles involved in its use (Neely et al, 1995;
Bourne et al, 2000; Tuomela, 2005). Moreover, relations among (non-financial
and financial) indicators must be specifically designed to develop a performance
measurement system (Eccles and Pyburn, 1992).

Present approaches to the design of performance measurement systems in-
clude only limited consideration of organizational context (e.g. by focusing on
business processes only) and largely ignore the visual language (i.e. the actual
graphical representation and corresponding symbolism) of performance mea-
surement systems (for an exception, see Abernethy et al, 2005). At the same
time, recent experimental evidence suggests “that firms should carefully consider

3



how to [graphically] present and organize measures to get the intended effect
on performance evaluations” (Cardinaels and van Veen-Dirks, 2010, 565). In
particular, the semantics of concepts used in diagrammatic representations of
performance measurement systems are rarely, if ever, elaborated upon. Rather,
it appears to be presumed that prospective users will need the flexibility to adapt
the diagrammatic representations to their own liking and to supplement them
with textual explanations if needed. The resulting free-form drawings come,
however, at a price of increased difficulty when interpreting the performance
measurement system, of unsafe ambiguity of relations between indicators, and,
lastly, of the danger of divergent interpretation which may lead to irritations
and even failing to achieve goals, for instance, when a course of action is chosen
and carried out that neglects the relevant organizational context.

These observations motivate research on conceptual modeling methods for
performance measurement (e.g. Pourshahid et al, 2007; Frank et al, 2008; Popova
and Sharpanskykh, 2010). Modeling methods in general and those based on a
graphical domain-specific modeling language (DSML) in particular promise to
support creating and interpreting performance measurement systems effectively
and efficiently by providing differentiated semantics of dedicated modeling con-
cepts and corresponding descriptive graphical symbols that further comprehen-
sible performance measurement systems, and by making the conceptual model
of a performance measurement system accessible to partly automated, tool-
supported analyses that assist in its design, maintenance, and evaluation. It
also provides a conceptual foundation for the design of corresponding informa-
tion systems—for instance, management dashboards (Palpanas et al, 2007).

The present work follows a design research process to develop a conceptual
modeling method for organizational performance measurement, and to investi-
gate how its structural and procedural features can satisfy essential requirements
in the performance measurement domain. The method, MetricM, consists of
a domain-specific modeling language, MetricML, and a corresponding process
model to prescribe the use of language concepts for performance measurement
applications. MetricM is integrated with an enterprise modeling approach
to benefit from the reuse of modeling concepts representing essential organiza-
tional context. The method’s main purpose is to guide, promote and cultivate
the reflective design, use and interpretation of performance indicators and per-
formance measurement systems. Thus, MetricM is aimed at stimulating and
facilitating communication among stakeholders involved in the design and use
of performance measurement systems. It also aims to increase the transparency
of indicator matters, specifically by linking models of indicators with models
of the corresponding action system, hence improving traceability of interrela-
tions among indicators and the relevant organizational context. This linkage is
intended to contribute to the substantiation of performance indicators and to
the identification of (important yet often overlooked) dependencies. Ultimately,
MetricM is aimed at facilitating a reflected interpretation of a performance
measurement system within its organizational setting. Earlier work on Met-
ricM, in particular a predecessor to MetricML, is discussed in Frank et al
(2008, 2009).
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The next section reviews related work on conceptual modeling of perfor-
mance indicators and performance measurement systems. Section 3 discusses
the epistemological conception underpinning the research on MetricM. Sec-
tion 4 outlines the theoretical background informing the method design and
establishes domain-specific requirements as well as key domain-specific termi-
nology. The design rationale of the structural specification of the method, its
metamodel, is discussed in Section 5 along with procedural guidelines on the
application of language concepts. An initial method evaluation is provided in
Section 6. The paper concludes with a discussion of findings in Section 7.

2 Related work
Among the first to consider performance indicators as part of a conceptual
modeling approach was Österle (1995, 112ff.). The metamodel of his PROMET
method includes a “Performance Indicator” metatype with two named meta-
associations. It “belongs” to a metatype “Process” and “operationalizes” a metatype
“Critical success factor” (Bach et al, 1996, 270). In addition, the PROMET lit-
erature illustrates the use of these modeling concepts at type level by listing
a number of exemplary indicator types such as (average) cycle time and rate
of customer complaints as well as through an elaborate process model guid-
ing the use of these concepts (Österle et al, 1996). Aichele (1997) extends the
ARIS method (Scheer, 1992, 2000) by a differentiated indicator typology and a
comprehensive list of potential indicators for business functions. Kronz (2005)
refines his work with respect to business process indicators as part of the Event-
Driven Process Chain (EPC) notation. Though, neither Aichele (1997) nor
Kronz (2005) presents a language specification and—as far as it can be con-
cluded from the language application they provide by example—only propose
one type of relation between indicators (i.e. subordination).

Several early stage proposals of domain-specific languages for performance
indicator modeling have been published. Referring to prior work by Karagian-
nis et al., Ronaghi (2005) introduces a metamodel of more than 20 metatypes
ranging from “Incentive System” to “Target” including metatypes for represent-
ing indicator types (e.g. “P-Indicator” and “Elementary P-Indicator”). Since
attributes are missing from the metamodel, the semantics of concepts are left
to interpretation by the language user. Further performance measurement ex-
tensions to the EPC approach have recently been proposed by Korherr and List
(2007a,b). Their work extends an EPC metamodel with a “Measure” metatype
from which three metatypes “Quality”, “Cost”, and “Cycle Time” are specialized.
Accordingly, three notation elements are introduced to represent the latter. For
each of these three specialized metatypes, two meta-attributes specify further
semantics (e.g. “Quality” is described by “maxComplaints: int” and “avgCom-
plaints: int”) (Korherr and List, 2007a, 289). The only named meta-association
“quantifies” links the metatype “Measure” with the metatype “Process Goal”
(Korherr and List, 2007a, 292). Neither Ronaghi (2005) nor Korherr and List
(2007a,b) account for further organizational context or an indicator rationale.
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Both only briefly mention the semantics of language concepts and a correspond-
ing graphical notation.

A more elaborate approach to modeling performance indicators is presented
by Popova and Sharpanskykh (2010). They introduce a modeling method aimed
at formalization of performance indicators and their relations to support simu-
lation, verification and validation (pp. 505 and 507). The corresponding “meta
model for the performance-oriented view ” (Popova and Sharpanskykh, 2010,
511) is illustrated in an unspecified notation showing concepts and their rela-
tions; semantics of modeling concepts are specified by natural language docu-
mentation and, partly, by an order-sorted predicate logic. The corresponding
process model comprises guidelines to elicit performance indicators and their
relations as well as an algorithm to compute “the satisfaction (degree of sat-
isficing) of a goal” (Popova and Sharpanskykh, 2010, 514). Furthermore, the
corresponding LEADSTO modeling tool is described. The modeling concepts
include the meta types “PI” (Performance Indicator) and “Goal”. Organiza-
tional context is represented by business processes, an agent and a role concept.
Different from the present work, the authors do not discuss a domain-specific
visual language—a notation and corresponding diagram types—for represent-
ing indicator systems. Their case study example illustrates the application of
their modeling language using circles as symbols for indicators and labeled di-
rected edges as symbols for relations. Performance indicators types are further
visualized using a textual template.

Pourshahid et al (2007, 2008) extend the User Requirements Notation (URN)—
an ITU-T Recommendation incorporating two notations, the Goal-oriented Re-
quirements Language (GRL) and Use Case Maps (UCM)—with concepts for
indicator modeling. Their framework specifies a meta model in which the
meta type “Indicator” is further refined by meta attributes including, e.g., “is-
TimeMeasure”, “isCostMeasure”, and “isQualityMeasure” (i.e. type differenti-
ation is based on meta attributes) and can be categorized according to an
“IndicatorGroup” (Pourshahid et al, 2007, 84). “Indicator” is associated with
“Performance Goal” and “Process” (Pourshahid et al, 2008, 7). The authors do
not provide further concepts representing organizational context. A hexagon is
introduced as the only graphical notation—representing an indicator presum-
ably at type level along with suggestions for several diagram types including a
“Performance model” (Pourshahid et al, 2008, 11–12).

The reviewed prior work illustrates the diversity of issues related to indica-
tor modeling. However, earlier work does not consider the reflective design and
use of performance indicators and performance measurement systems. Table 3
in Section 6 summarizes key concepts in related work and identifies areas of
improvement over existing approaches in the light of domain-specific require-
ments. Research on MetricM builds upon prior approaches in that earlier
conceptualizations, in particular by Pourshahid et al (2007, 2008) and Popova
and Sharpanskykh (2010), are reconceptualized and extended by further mod-
eling concepts and a corresponding graphical notation.
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3 Research method
The artifact designed in this research is a modeling method; a linguistic ar-
tifact consisting of a conceptual modeling language and a process model to
guide the use of language concepts (Wand et al, 1995; Frank, 2002; Wand and
Weber, 2002). The main challenge for conceptualizing research aimed at the
development of modeling methods as artifacts is their justification according
to scientific standards (Frank, 1998, 2006a,b). The success of using a model-
ing method depends on various factors—qualification, previous experience with
other languages, having time to learn the method, and attitude toward new
methods—which not only vary between different groups but also within a group
in time. Furthermore, we assume that prospective method users at present do
not have a clear understanding of current and future applications of conceptual
model-based performance measurement methods and are, hence, not yet able to
evaluate their practical utility. This does not preclude empirical studies on the
practical utility of the MetricM method in the future; at a point in time when
method use has created a knowledgeable and large enough user base. Presently,
however, field studies to test the newly conceived modeling method MetricM
are not satisfactory due to subject contingency (Frank, 2005, 153).

The present work on MetricM is therefore grounded on a research method
configured for the epistemological particularity of research on modeling methods
(Frank, 2006b). The particular configuration of the research method suggests
two main guidelines for the research process: multi-criteria justification and
transparency of assumptions. Multi-criteria justification is based on the belief
that there are various approaches available to substantiate an assumption. The
selection depends on the theory of truth that is regarded as suitable, and the
feasibility of corresponding justification procedures. Justification procedures in-
clude empirical tests (correspondence theory), discursive evaluation (consensus
theory) and coherence with an existing body of accepted knowledge (coherence
theory). The configuration approach provides criteria to guide the selection of
justification procedures (Frank, 2006b, 48ff.). Combining the selected justifica-
tion procedures results in the configuration of a research method that accounts
for the epistemological particularity of the corresponding research. Note that
the most appropriate justification procedure may not be practicable, perhaps
because of the lack of time or resources or some other obstacle. In this case, the
configuration approach recommends applying the second or third best option.
Applying such a configuration approach does not guarantee a convincing justifi-
cation. It does, however, contribute to an incremental justification and supports
the further evaluation of the artifact by making it clear where its justification
is still not satisfactory.

Transparency means that all non-trivial assumptions about the method de-
sign are identified throughout the research process. This pertains to require-
ments, design decisions, and the evaluation of the artifact against the require-
ments. To guide the method’s development, its purpose and design goals need to
be substantiated by requirements. If a requirement is not obvious or deducted
from established knowledge, it is based on an assumption. The construction of

7



the method or parts of it, in this case of a domain-specific modeling language,
implies choices of design alternatives. Again, the assumptions underlying non-
trivial design decisions are to be made explicit. Finally, the resulting method is
evaluated by comparing its features against the design goals and requirements.
In some cases, checking if a requirement is met will be straightforward. Meeting
a requirement may be as simple as the presence of a certain feature of the arti-
fact, for example. In other cases, however, evaluation requires assumptions; as is
particularly the case with respect to requirements that relate to user acceptance
or perceived benefit (Frank, 2006b, 55).

The justification procedures used in the present research are a combination
of discursive evaluation and the application of the coherence theory of truth, i.e.
substantiating assumptions by reference to a body of literature. Empirical tests
are not included due to subject contingency and lack of feasibility at present.
Note that this does not mean that empirical studies are unsuitable for testing
modeling methods in general. If modeling methods are more widely used in
the performance measurement domain, it can be more promising to pursue an
empirical evaluation. Discursive justification in its ideal form would involve a
rational discourse within a group of outstanding experts. A consensus on the
truth value of a proposition would then be regarded as a satisfactory—albeit
preliminary—test. This study applies a relaxed form of discursive evaluation.
It starts by establishing high-level assumptions on design goals, which are likely
to be agreed upon by many with knowledge of the domain of performance mea-
surement. It proceeds to analytically deduce more specific requirements, which
can be assumed to elicit consensus, and which are substantiated by the exist-
ing body of literature. In some cases, this approach will produce only weak
justifications—a result which may be explained by the idiosyncrasy of the topic.
In order not to impair the paper’s readability, not every assumption will be
explicitly marked as such.

Research on MetricM adapts a method engineering approach (Rossi et al,
2004; Rolland, 2007; Henderson-Sellers and Ralyté, 2010) to the construction of
a modeling method as artifact (Frank, 2010a). In particular, the method con-
struction is aimed at supporting a range of application projects—not a single,
particular project as is typically the case in domain-specific (modeling) lan-
guage literature (e.g. Kelly and Tolvanen, 2008; Strembeck and Zdun, 2009).
Furthermore, the MetricM method design targets integration with an enter-
prise modeling method to benefit from reuse of existing modeling concepts and
procedural guidelines. Developing a domain-specific modeling language in this
context presupposes reconstructing key technical terms of the targeted domain
and their semantics (Ortner, 2008). One widespread approach to conceptual
reconstruction—and the one we follow here—is to review, analyze and interpret
pertinent literature in the field under consideration (e.g. Neely, 2007; Kaplan,
2010; Taticchi, 2010). Reconstruction of technical terminology is an iterative
process involving more than the identification of candidate (meta) concepts,
their attributes and relations. Instead it requires, for instance, the identifica-
tion and resolution of terminological ambiguity and truncation, which may imply
the introduction of additional abstractions. That in turn may require the shap-
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ing of their semantics. This implies the (re-)interpretation of observed terms
and concepts and leads to design abstractions appropriate for specific analy-
ses and applications. The underlying method engineering approach is therefore
driven by devising and analyzing domain-specific application scenarios describ-
ing, among others, prototypical model-based analyses (Frank, 2010a).

In the light of idealized design research processes (e.g. Verschuren and Har-
tog, 2005; Peffers et al, 2007; Österle et al, 2010), the present work reports on
the phases of assumptions and requirements (phase 2 in Verschuren and Hartog
(2005)’s model; corresponds with Section 4), structural specification (phase 3;
corresponds with Section 5), prototype and evaluation (phases 4 and 6 corre-
sponds with Section 6).

4 Domain analysis

4.1 Theoretical background
The claim for the reflective design and use of performance measurement sys-
tems links to fundamental issues in organizational theory, economic sociology,
organizational psychology, and in the philosophy of science, for instance: What
constitutes the quality of an indicator with respect to its support for deci-
sion making and management control? How can the quality of an indicator be
assessed—and promoted? How does a performance indicator or a performance
measurement system affect decisions and actions, i.e. stakeholder behavior, in
an organization? Which factors limit the purposeful use of performance indica-
tors? The following discussion briefly highlights the discourse on organizational
performance indicator use.

As opposed to measurements derived from the physical world, objects of
measurement in the realm of organizational performance are (latent) constructs
(e.g. customer satisfaction, employee loyalty or return on capital employed).
Similar to a measuring instrument, a performance indicator is directed at mea-
suring a certain aspect of organizational performance with respect to a certain
reference object (e.g. an organizational unit, a project, a product). Thus, a per-
formance indicator is based on the hypothesis that it appropriately represents
that particular aspect of organizational performance (Pike and Roos, 2007).
Hence, an indicator involves an epistemological claim: Only if its validity is sat-
isfactory, can it serve its purpose. An indicator is valid if it actually measures
the manifestations of the targeted aspect; in other words, if it depends exclu-
sively on that aspect. Validity implies objectivity and reliability (Edwards and
Bagozzi, 2000). An indicator is objective if its measurement does not depend on
the judgment of a particular person. It is reliable if repeated measurements will
produce the same result. Although the question of how to judge the validity of
a measurement is well-known in the philosophy of science, it has, nevertheless,
no straightforward answer. Performance indicator validity depends on the truth
of the hypothesis underlying the indicator or, in other words, on how well it can
be justified.
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Three essential theories of truth are of practical relevance to justify a hy-
pothesis underlying a performance indicator (see Section 3; for a more elaborate
discussion, see Frank, 2006b). The correspondence theory of truth is based on
empirical evidence. For example, if past experience has shown that there is
a strong correlation between the level of training a sales representative has
received and the satisfaction of the customers he or she served, this would con-
tribute to the justification of the level of training as a possible indicator of
customer satisfaction. According to the coherence theory of truth, a hypothesis
should not contradict an affirmed body of knowledge. With respect to the de-
sign of indicators, it recommends, among other things, analyzing whether the
conception of an indicator is in line with existing indicators. Finally, the con-
sensus theory of truth recommends rational discourses to judge the truth of a
statement or, rather, how appropriate it is. It suggests identifying all underly-
ing assumptions and criticizing them regardless of who made them in an open
and free atmosphere characterized by a joint desire to achieve the best result.
The more precise the conception of a reference object the better is the chance
to assess the validity of an indicator. Often, however, only a vague conception
exists, for instance, performance of an organizational unit, performance of a
manager, customer satisfaction etc. In these cases, it is very likely that the
borderline between an indicator and its reference object gets blurred. In the
end, the performance of an organizational unit is not measured by the indicator
“service quality”; rather “service quality” is regarded as the unit’s performance.
This leads to two further aspects of performance indicators: the limits of formal-
ization and the social construction of reality. Conceptualizing an indicator in a
way that allows for measuring the states of its object of measurement requires
formalization. Formalization implies describing an object or a phenomenon with
a limited set of formal propositions only. A formal proposition is characterized
by a clear truth value. While formalization offers clear advantages such as
validation of propositions, the claim for formalization faces a substantial chal-
lenge: Obviously, there are aspects in the realm of organizational performance
that resist formalization. These are particularly aspects based on intentional
semantics, i.e. meaning is constituted by references to sensual experiences. If
intentional aspects are formalized anyway, the resulting indicators may impede
a differentiated appreciation of social reality that makes use of “empathy (in
German Einfühlung) or re-creation in the mind of the scholar of the mental
atmosphere, the thoughts and feelings and motivations, of the objects of his
study” (von Wright, 1971, 6). This is not just an objection raised by an avid
proponent of hermeneutic research. Many researchers in organizational studies
emphasize that action systems cannot be reduced to “objective” descriptions
or to mechanistic control structures. Weick draws a picture of organizations
in clear contrast to the vision of “objective” management controls: “Organi-
zations, despite their apparent preoccupation with facts, numbers, objectivity,
concreteness, and accountability, are in fact saturated with subjectivity, ab-
straction, guesses, making do, invention, and arbitrariness . . . just like the rest
of us.” (Weick, 1980, 5). With respect to management control, Pfeffer regards
“symbolic action” as more important than the use of “objective” control sys-
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tems (Pfeffer, 1981, 5; similarly Weick, 1979, 20). While indicators are intended
to be objective measures of reality, they are, in the end, social constructions
that “create the reality as to what performance is” (Lebas and Euske, 2007,
134), which makes them a part of the perceived reality (Nørreklit et al, 2007).
With respect to using indicators for control purposes, indicators are not just
regarded as an analytical tool to measure performance, but as an instrument
to promote organizational performance. While attractive incentives schemes
may have a positive effect on reference objects, they can also cause dysfunc-
tional effects by promoting opportunistic action (e.g. Ridgway, 1956; Perrin,
1998; Neely et al, 2007). But organizational performance is not only threatened
by conscious opportunism. Due to their social construction, indicators may
become what Habermas calls “objectified instrumental rationality” or, in Ger-
man, “vergegenständlichte Zweckrationalität” (Habermas, 1968); they lose their
original meaning and become an end in themselves that stakeholders regard as
important for the organization. While this may lead to an ostensibly successful
reproduction of organizations, it may also be a threat to long-term competitive-
ness. The more organizational action is determined by constructions that are
oversimplifications, that do not account for relevant aspects of organizational
reality, and do not sufficiently reflect relevant boundary conditions, the less its
ability to cope with a changing environment.

We derive a number of implications for the design of MetricM from these
considerations. Above all, it is assumed that the issues raised in this section
recommend a rational-analytical approach to cope with the complexity of man-
agement in large organizations. Performance indicators are, in this respect, seen
as a means of analytical support to corporate management. We further pre-
sume that a method aimed at supporting such a rational-analytical approach
should encourage the reflective design and use of performance indicators and
performance measurement systems and build upon rational discourses among
the stakeholders involved. We do not, however, assume that to allude to epis-
temology, theories of truth and dysfunctional consequences suffice to promote a
rational approach to performance measurement practice. Rather, we presume
that the method itself should cultivate a differentiated, analytical and rational
approach to the design of performance measurement systems and, at the same
time, should acknowledge their multifaceted organizational consequences. The
cultivation of such an approach recommends the adoption of a relaxed attitude
toward performance indicators and their organizational use. In particular, it
acknowledges the binding character of indicators but emphasizes that indica-
tor systems should not be taken for granted and should always be regarded as
subject to discussion and to further development. It also emphasizes to com-
plement the “rational”, “objective”, indicator-based management style with an
understanding of management as symbolic action as a regulating amendment.
The method should, therefore, place emphasis on

1. Transparency and traceability (e.g. of intentions and assumptions) and
the need for indicator justification: The transparency precept recommends
identifying all intentions and assumptions underlying the conception and
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use of indicators and their relations to other indicators to make those con-
siderations explicit and, hence, accessible to debate and critique. It also
emphasizes the need for a rationale for a performance indicator and its
relations, through appropriate justification procedures. Given the com-
plexity of performance measurement systems, allowing for and cultivating
a multi-criteria justification is recommended.

2. Precision of indicator definition: The precision precept acknowledges the
limits of formalization yet underlines the importance of precise conceptual-
izations. The primary objective of the design of performance measurement
systems is to foster a shared understanding and a common interpretation
of organizational performance and its constituents. Both—a shared under-
standing and a common interpretation—presuppose that the performance
indicator specifications and their relations forming the performance mea-
surement system are precise, consistent and coherent (Lebas and Euske,
2007).

3. Different perspectives of (groups of) stakeholders affected by indicators:
The multiple perspective precept is based on the observation that per-
formance indicator systems are relevant for and used by various groups
of stakeholders from senior management to knowledge workers (Atkinson
et al, 1997). Different groups of stakeholders have different demands re-
garding the types of indicators and of reference objects, their level of detail
and of abstraction. This precept recommends accounting for the perspec-
tives of (groups of) involved stakeholders with a particular emphasis on
those affected by later use of the performance measurement system.

4. The usage context of performance indicators: The context precept does
call for acknowledgment that indicator systems are situated in a specific
organizational setting and, thus, require interpretation with reference to
the organizational context in which they are embedded (Neely et al, 1997).
Hence, indicators should not be specified independently, but with partic-
ular attention to their links to the organizational context they are utilized
in. The precept also recommends the review and reworking of performance
measurement systems on a regular basis that suggests a representation of
indicators that is convenient to revise and to develop further.

These four precepts are refined in the next section to justify domain-specific
requirements. Albeit, one particular aspect remains outside of the scope of the
method design. The modeling method we intend to design is likely to flourish
in an organizational culture that appreciates critical reflection and challenges to
the status quo and that promotes a critical attitude toward indicator systems.
However, the implementation and cultivation of such an organizational culture
cannot be designed into a modeling method—whether usage of a method affects
and possibly changes an organizational culture remains, however, an interesting
question.
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4.2 Requirements and key concepts
This section refines the principal design goals stated in the introductory section—
cultivating reflection, stimulating communication, improving transparency and
traceability—to establish five domain-specific requirements a method aimed at
supporting the reflective design and use of performance indicator systems should
satisfy. The requirements analysis is informed by the four precepts derived in
the previous section. This section also summarizes the initial conceptual re-
construction of the technical terminology used in the performance measurement
domain by identifying essential domain-specific concepts. Both the requirements
and key concepts guide the development of MetricM. They also serve as a
conceptual frame of reference for the initial method evaluation in Section 6.

Requirement 1 (Rationale) A method should provide concepts that allow for
a differentiated representation of the rationale underlying an indicator and its
relations. It should provide the means to justify the existence and importance
of (relations between) performance indicators and to reveal intentions and as-
sumptions informing indicator justification.

Key concepts: intention; assumption; justification (of a performance indicator
and its relations).

Rationale (following precept 1). To support proper interpretation, espe-
cially by those who did not participate in the design process, and to attenuate
dysfunctional consequences, it is advisable to substantiate performance indica-
tors and their relations by virtue of a traceable rationale that assists in reflecting
later use of the system by making intended interpretations explicit (Nørreklit
et al, 2006, 2007). Such a rationale should include the purpose of the perfor-
mance indicator and its relations, the intentions of its designers, sources of data
and further assumptions underlying the choice and selection of the indicator
(Neely et al, 1997, 1151).

Requirement 2 (Coherence and consistency) A method should support—
and, if possible, enforce—the design of coherent and consistent performance
indicator systems. The method should, therefore, provide a precise performance
indicator conceptualization and account for the precise and differentiated repre-
sentation of relations among performance indicators.

Key concepts: indicator; relations between indicators.

Rationale (following precept 2). A precise conceptualization of a perfor-
mance indicator is a prerequisite to rational discourse on indicator matters
(Eccles and Pyburn, 1992), and to analyses of indicator systems (Popova and
Sharpanskykh, 2010). Likewise, relations among indicators and between indica-
tors and other relevant concepts require a precise conceptualization. Indicator
systems that lack precision or important aspects or are partially inconsistent or
even incoherent jeopardize their very purpose (Ridgway, 1956; Perrin, 1998).
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Requirement 3 (Multiple perspectives and levels of abstraction) A method
should provide meaningful representations of indicator systems on various levels
of abstraction to satisfy the needs of affected groups of prospective users. To
foster an intuitive use of the method, each perspective should, as far as possible,
correspond with the abstractions, concepts and (visual) representations known
and meaningful to the targeted group of stakeholders. All perspectives should,
on the other hand, be integrated with each other to foster cross-perspective com-
munication and cooperation.

Key concepts: perspective, organizational role, organizational responsibility.

Rationale (following precept 3). Performance measurement as a group
process involves stakeholders with different professional backgrounds and re-
sponsibilities as well as specific sentiments about performance indicators and
their effects (Neely et al, 1995; Bourne et al, 2000; Tuomela, 2005). Therefore,
a method in support of the reflective design and use of performance measurement
systems needs to take the perspectives of stakeholders with different professional
backgrounds—from senior management to IT operations—into account.

Requirement 4 (Organizational context) A method should account for the
relevant organizational context and, thus, allow for the differentiated represen-
tation of relations between performance indicators and the surrounding action
system composed of all organizational entities relevant to their proper interpre-
tation.

Key concepts: organizational context (through reference objects to the organiza-
tional action system); indicator-context relations.

Rationale (following precept 4). The organizational context in which a
performance indicator is designed to be used is of particular importance to its
accurate interpretation (Neely et al, 1997). The organizational context would in-
clude, for example, the organizational action system, its institutions and actors,
their roles, responsibilities and corresponding decision and analysis scenarios.
Hence, a method in support of the design and use of performance measurement
systems has to account for the concepts representing the action system such
as resources and processes the indicator relates to, and the organizational roles
involved in its use (Neely et al, 1995; Bourne et al, 2000; Tuomela, 2005).

Requirement 5 (Organizational goal) A method should allow for associat-
ing an indicator with the organizational goal the indicator is designed to rep-
resent. It should provide means to make the intended indicator-goal relation
explicit and should account for a differentiated representation of indicator-goal
relations.

Key concepts: goal; indicator-goal relations.
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Rationale (following precept 4). Performance indicators are surrogates of
performance and, hence, means to observe and indicate the achievement of
set objectives of an organization—not an end in themselves (Lebas and Euske,
2007). Consequently, accurate interpretation of a performance indicator is fos-
tered by linking it to the organizational goal(s) it is designed to represent (Neely
et al, 1995, 1997). Note that this requirement further refines Req. 4 (Organiza-
tional context).

5 Method design

5.1 Conceptual foundation
The research on MetricM builds on the “Multi-Perspective Enterprise Model-
ing” (MEMO) method (Frank, 1994, 2002). The rationale for choosing MEMO
over, e.g., ARIS (Scheer, 1992, 2000) or ArchiMate (Lankhorst, 2009) is based
on several considerations: (1) MEMO provides an extensive set of modeling
constructs relevant to modeling performance indicators, e.g., for the modeling
of organizational units, roles, resources, and IT artifacts; (2) in contrast to
proprietary approaches, the specifications of the MEMO method—especially its
meta models—are publicly available and documented in several publications;
and (3) MEMO is based on a language architecture extensible through domain-
specific modeling languages (Frank, 2008). In MEMO, domain-specific model-
ing languages are specified using the MEMO Meta Modeling Language (MEMO
MML) (defined at the meta-meta or M3 level). Using MEMO MML for defining
and reusing common concepts at the meta level (M2) leads to integrated models
at type level (M1), e.g., an organization structure model integrated with a busi-
ness process model, a model of an IT landscape, and a performance indicator
model.

Thus, the MEMO family of modeling languages promises a number of ad-
vantages for the development of the domain-specific modeling language, Met-
ricML. Each modeling language in MEMO provides a set of reusable modeling
concepts for the aspects they focus on. Of particular importance for indicator
modeling are, for instance, (1) concepts for modeling organization structures (to
assess indicator scope and responsibilities); (2) business processes, services, and
organizational resources (to determine the action system surrounding an indi-
cator); and (3) organizational goals and objectives (to analyze indicators with
respect to strategy). In this regard, the strategy modeling language (MEMO
SML) provides concepts such as “strategy” and “goal” and offers “strategy nets”
and “value chains” as diagram types (Frank and Lange, 2007); the organization
modeling language (MEMO OrgML) provides concepts for modeling business
processes and organizational structures, e.g., “process”, “event”, “organizational
unit” (Frank, 2002, 2010b); and the resource and the IT modeling languages
(MEMO ResML and MEMO ITML) allow for modeling organizational re-
sources in general (e.g., “human resource”), IT resources in particular (e.g.,
“hardware”, “software”, “information system”), their relationships to each other
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(such as “uses” or “comprises”) and to the business processes they are used in
(Frank et al, 2009).

In principle, MetricM can be adapted to any enterprise modeling approach.
Thus, MEMO serves as a typical representative of enterprise modeling methods
in the context of the development of MetricM. Figure 1 shows key nota-
tion elements and principal levels of analysis supported by the MEMO method
and family of modeling languages. It includes an IT resource model at the
level of IT operations, a business process model showing an aggregated pro-
cess (“Complaints Management”) and its disaggregated control flow at the level
of business operations as well as a service (“Customer Care”) and a business
process type (“Sales”) at the level of operations management. A value chain
model and an associated business objective (“Goal”) at the senior management
level are also shown. These five levels of analysis refine the three elementary
perspectives provided by the MEMO method, i.e. strategy, organization, and
information systems, and represent typical levels of analysis that users of the
MEMO method adapt to fit their problem space.

5.2 Language design, procedural guidelines and design ra-
tionale

This section describes the MetricML specification by introducing key concepts
of the language and their semantics, and by discussing essential design decisions.
Procedural guidelines on the application of language concepts—as part of the
process model—are introduced along with the language description.

The abstract syntax of MetricML is specified as a meta model and shown
in Figure 2. Its concrete syntax, the corresponding graphical notation, is de-
picted in Figure 3. Four constituents are central to the language specification:
(1) the Indicator language concept and the ancillary concepts RationaleSpec and
IndicatorCategory ; (2) the two inter-indicator relations: IndicatesRelation and
TransformsRelation; (3) the four indicator-context relations: refers to (Refer-
enceObject), is accountable for , acts on, and measures; and (4) the indicator-
goal RepresentsRelation. Further MetricML concepts not discussed in this
section include the inter-indicator relation is of similar kind and the metatype
IndicatorAttribute (both described in Frank et al, 2008) as well as the organi-
zational context concept DecisionScenario currently under development as part
of a major revision of the MEMO Organisation Modelling Language (Frank,
2010b).

Ad (1) The Indicator language concept. The Indicator concept serves to
describe the essential characteristics of a performance indicator type. The ap-
proach taken here conceptualizes performance indicator as a dedicated language
concept, the MetricML Indicator metatype, to allow for modeling its relations
to other indicator types, to reference object types representing organizational
context and to goal types. An alternative “attribute” approach conceptualizes
performance indicator as (meta-) attribute of metatypes (e.g. “average through-
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Indicator-Indicator Relations

Indicator Category 
Tag (optional)

# Indicator A
Formula: Indicator is based on the 

amount of ...
Purpose: Used to measure the 

attainment of objective O.

# Indicator B
[Measurement Unit (optional)]

Category

Indicator (Type) with selected 
attributes explicated 

Indicator (Type) without 
explicated attributes

# Indicator C

Transforms Relation

Indicates Relation without a justification

<Goal>

<Business Process Type>

Represents Relationship (is indicator for achievement of) 

Exemplary 
Reference ObjectPosition (Type)

<Position>

Indicator-Context Relations

Relates-to Relationship (ReferenceObject type)

Accountability Relationship (Position type)

Acts-on Relationship (OrganizationalRole type)

Measures Relationship (OrganizationalRole type)

Description: 

Discussion:

Sources:

Ju
st
if
ic
at
io
n

Justification (K=Body of Knowledge,
R²=Empirical, D=Rational Discourse) K

Description: Some description.

Potential Dysfunctional Effects: Some 
direction.

Description of 
Represents-Relation

Description: Some description.

Direction of Indication: positive.

...

Description of 
Indicates-Relation

Indicates Relation with at least one justification

?

Indicator-Goal Relations

Figure 3: Overview of key notation elements of MetricML refined from (refined
from Frank et al, 2008, 2009).

put time” of a business process type or “average number of employees” of an
organizational unit type). However, such a conceptualization does not allow for
representing inter-indicator relations and, thus, is of limited use in the light of
the requirements discussed in Section 4.2.

It is anticipated that an indicator type may be defined at a wide range of
different organizational levels of abstraction from high-level financial indicators
(e.g. “sales turnover”) to low-level operations indicators (e.g. “time to quote”).
The case studies reconstructed from Neely et al (1997) depicted in Figure 4 in-
clude “Sales turnover”, “Time to quote”, and “Customer service—Adherence to
customer schedule”. Note how the attributes of each indicator type are specified.
For instance, the “Sales turnover” indicator type is deliberately specified to allow
for associating it with different reference object types for which planned sales
are defined and invoiced sales records are available. The modeler, thus, may as-
sociate the “Sales turnover” indicator type with a “Sales” business process type,
a “Division Healthcare” organizational unit type, and a “Cosmetics Products”
product family type. The Indicator concept also provides the flexibility to allow
for another approach to indicator type definition if sufficient differences warrant
a separate type definition. If, for example, the frequency of measurement of the
sales turnover of the “Sales” business process type should be different from the
frequency of measurement of the sales turnover of the “Division Healthcare” or-
ganizational unit type, it is recommended to create two different indicator types,
e.g. “Sales turnover—Sales process” and “Sales turnover—Division Healthcare”.
This flexibility, however, does increase the cognitive load for the modeler to
ensure consistent indicator models. We chose this particular language design
over more restrictive—and, possibly, less demanding—designs, because an indi-
cator type specification primarily depends on the level of abstraction at which
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reference object types are defined and on the specific intended purposes and
analyses. Both cannot be anticipated at language design time.

Neely et al (1997) review pertinent literature on performance indicator defi-
nitions to synthesize a “performance indicator record sheet”, a textual template
describing essential characteristics of indicators based on requirements identi-
fied in literature. They refine their initial template in case studies to arrive at
a modified record sheet. Its indicator definition contains descriptors similarly
found in the conceptualizations by Popova and Sharpanskykh (2010) (i.e. Scale,
Source, Time Frame, Owner) and by Pourshahid et al (2007) (i.e. targetValue,
kpiValueDataSource, kpiReportDataSource). The MetricML Indicator con-
cept refines these conceptualizations. A MetricML indicator type is described
by a formula (a brief verbal description of how the indicator value is calculated),
a UnitOfMeasurement (can be “none” or “index” in the case of non-dimensional
measures such as customer satisfaction; or any specific unit of measurement,
e.g. “Percent”, “Minutes” or “US dollars”) and a TimeHorizon complementing
the measurement unit (can be, for instance, “week”, “month”, “year” etc. to
form a measurement dimension such as “Percent per Year”), its sourceOfRaw-
Data (the data source from which the indicator is calculated, either as a textual
description, e.g. “invoiced sales records”, or as a fully qualified data manipulation
language statement, e.g. “SELECT FROM . . . ”) and the frequency of measure-
ment, freqOfMeasurement (how often the measurement will be taken). In the
metamodel, the two attributes Value and DateOfMeasurement are marked with
an ’i’ printed as white on black, characterizing them as “intrinsic attributes”
(Frank, 2008). These attributes reflect a characteristic that applies at the in-
stance level, although in the language specification it is associated with types.
Hence, an intrinsic attribute is not instantiated at the type level but at the
instance level, thereby enabling representation of the current value and its date
of measurement of a concrete indicator instance.

The reflective definition of a performance indicator is maintained by describ-
ing its purpose (a verbal statement by the indicator designers), the (managerial)
intention underlying the indicator definition, the assumptions associated with
the intended indicator use as well as the rationale that justifies indicator design
and use (justification). By making these considerations part of each indicator
definition, it is intended to foster its critical review, to stimulate management
discussions on indicator (mis-) use, and to make the results of these discussions
a persistent part of the resulting (conceptual model of the) performance mea-
surement system. As illustrated by the examples in Figure 4, purpose, intention
and assumptions need to tend to a wide range of different writing and discus-
sion styles. Thus, the “String” data type. This is different for justification for
which we propose to differentiate three idealized justification procedures (see
Section 4.1) as means to remind discussants of the importance of substantiating
each performance indicator and each of its relations and that the complementary
use of these justification procedures strengthens their rationale. In this context,
the main challenge is to provide a specification that supports the user in ap-
plying different justification procedures. The attribute type RationaleSpec is
introduced to provide such a specification (see Figure 5): It allows the language
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# Customer service – adherence to customer schedule [%]

Formula: Percentage of pieces to arrive at the customer’s location 
when promised

Time Horizon: Week
Source of raw data: Delivery receipts
Frequency of measurement: Weekly
Frequency of review: Yearly
Purpose: To enable us to monitor factory completion performance
Intention: We suspect unnecessary delays between the end of 

production and the packaging and shipping to the customer and 
intend to streamline the processes accordingly.

Assumptions: It is assumed that delivery receipts are created and 
time-stamped instantly at the time of arrival of the shipment without 
any undue delay.

Production manager

Logistics controller

Dispatch 
manager

Increase Profit
# Sales turnover [%]

Formula: Actual sales expressed as a percentage of planned 
sales (cumulative)

Time Horizon: Year
Source of raw data: Invoiced sales records
Frequency of measurement: Daily
Frequency of review: Never
Purpose: To enable us to track cumulative progress versus 

plan
Intention: We have recently seen a sharp decline in sales 

turnover while our five closest competitors are apparently 
seeing increasing turnover from sales. We need to track 
sales turnover more often than weekly as we did before. 

Assumptions: It is assumed that invoiced sales records are 
dated for the time of arrival at the customer's location and 
that customers, on average, make a payment on time 
without any undue delay.  

K

# Time to quote [#days]

Formula: Date of verbal confirmation of receipt of quote 
by customer minus date of first contact by customer

Time Horizon: Month
Source of raw data: Customer contact
Frequency of measurement: Monthly
Frequency of review: Quarterly
Purpose: To stimulate improvements in our 

responsiveness to our customers
Intention: We have in the past lost business due to undue 

time to quote (more than 15 days) and suspect that 
our sales staff needs to be better trained on the new 
CRM system.

Assumptions: It is assumed that every customer contact 
(in person, by phone, fax or online) is recorded in the 
CRM system and time-stamped immediately after the 
customer contact without any undue delay.  
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Description: Internal statistics available
Source: Internal study by QA dept. using data from 

Order Management / ERP-System 
Validity: Medium
Reliability: HighJu
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R²

Description: Sales turnover is linked to the incentive system of all key account managers.
Intended Direction of Change: Positive
Level of Relicance: High
Presumed Organizational Impulse: The Sales Turnover is linked to the key account 
managers‘ incentive system. Thus, it is expected that they will increase their efforts in  
customer acquisition and further sales to existing customers, thereby increasing profit.

Potential Dysfunctional Consequences: A possible change to the key account 
managers' behavior when relying on payment receipts instead of invoiced sales records is 
to pressure customers on payments and to focus on those customers that have paid on 
time in the past. These customers must not necessarily exhibit the highest account share 
or turnover. Such a reaction by management thus may lead to a long-term decline in 
sales turnover if late-paying customers are neglected.

Description: Standard indicator.
Discussion: Indicator definition is well-described and widely 

accepted in our industry.
Sources: Industry Association Documentation; ISO 9000

Figure 4: Reconstruction of three indicator specifications based on case studies
described in Neely et al (1997) with extensions for reflective design added for
illustration purposes.
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description : String
RationaleSpec

source : String
validity : OrdinalValue
reliability : OrdinalValue

CorrespondenceRationaleSpec
discussion : String
source : String

CoherenceRationaleSpec
proposition : String
preliminaryAffirmation : String

ConsensusRationaleSpec

OrdinalValueValue VisualizationType

{positive,negative,unspecified}

it

Figure 5: The RationaleSpec concept.

user to specify propositions and a preliminaryAffirmation to describe the results
of rational discourse, discussion and sources to clarify agreement and conflict
with an existing body of knowledge, and sources, validity , and reliability to
represent empirical evidence as part of the rationale.

As a further refinement, the IndicatorCategory metatype is introduced as a
way of structuring large sets of indicator types according to user-defined crite-
ria. Since IndicatorCategory types can form a hierarchy, it is possible to apply
this language concept to assign an instance of Indicator to hierarchical organi-
zational levels (e.g. “financial”, “operations”, “IT”) or to other abstractions devi-
ating from regular organizational structures (e.g. “senior management”, “middle
management”, “operations management”). Hence, the IndicatorCategory con-
cept also provides a means to reuse existing indicator categorizations associated
with performance measurement frameworks such as the Balanced Scorecard (i.e.
“Financial”, “Customer”, “Internal Business Process”, “Learning & Growth”) and
to reproduce corresponding visualizations if needed.

Ad (2) The inter-indicator relations. Performance measurement litera-
ture generally conceptualizes relationships between performance indicators as a
“cause-and-effect relationship” (Kaplan and Norton, 1996a, 31) and, hence, as a
“causal model” (Lebas and Euske, 2007, 127). However, as shown, for example,
by Nørreklit (2000) and Nørreklit (2003, 616–617), in this conceptualization,
causality is misconceived and the causality assumption is invalid which may
lead to “the anticipation of performance indicators which are faulty, thus result-
ing in dysfunctional organizational behaviour and sub-optimized performance
(De Haas and Kleingeld, 1999)” (Nørreklit, 2000, 75). Giving up on the causality
claim, however, does not mean that relationships between performance indica-
tors cannot be conceptualized at all. Rather, as suggested e.g. by Nørreklit
(2000, 83) and Malina et al (2007), relationships among performance indicators
can either take on a logical or an empirical form.

The mathematical transformations known from the DuPont system of fi-
nancial control are examples of logical relationships. In fact, their relationship
is dependent on definition (of ROI) and is, thus, a tautology. (Tauto-)Logical
relations between indicators are specified using the TransformsRelation. The
mathematical transformation of one or between two or more indicators forms
the resulting indicator. For instance, in the DuPont system, the return on in-
vestment may result from multiplying net profit margin by total assets turnover.
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The TransformsRelation is, thus, specified by an Expression and a reference to
the literature in which the logical relation is specified and documented (Source).
It is recommended to establish a standard notation in which all expressions in
the scope of the performance measurement system are formulated. With regard
to the work by Popova and Sharpanskykh (2010), such a standard could use
a formal logic if the intention is to support partly automated validation of the
indicator system.

Empirical relationships can be based on past experiences including statisti-
cal analyses of data generated within the firm (in an inductive fashion), or on
results of empirical studies conducted outside of the firm. Starting from these
considerations, the empirical relations among performance indicators are con-
ceptualized as a deliberately simplifying “is assumed to indicate” interpretation
in which (“leading”) performance indicators are iteratively perceived as indi-
cators to possible changes of subsequent (“lagging”) indicators at increasingly
higher organizational levels of abstraction to form a directed acyclic graph—a
(poly-) hierarchy—of indicators. This conceptualization is for analytic reasons
and shall be seen as a consciously deployed means of reducing complexity. It
is important to complete this truncated interpretation: Performance indicators
are surrogates of performance (Lebas and Euske, 2007), i.e. they have to be in-
terpreted as indicators of observable and measurable outcomes of actions carried
out to pursue a business objective subsequent to making a decision:

“The key concept is not that the metrics themselves must have
a direct causal effect on eventual outcomes (or other macro goals).
The key concept is that the metrics are chosen so that actions and
decisions which move the metrics in the desired direction also move
the firm’s desired outcomes in the same direction” (Hauser and Katz,
1998, 520).

In performance measurement literature, a certain time-lag is commonly as-
sumed between the realization of measurable outcomes (for a discussion, see
Nørreklit, 2000), so that indicators at higher levels of for-profit organizations
typically relate to financial outcome variables such as sales turnover or return on
capital employed (assumed to require a longer period of time to show), whereas
intermediate indicators include customer satisfaction or service quality (assumed
to require less time to show), and lower-level indicators include process through-
put or number of customer complaints (assumed to require an even shorter pe-
riod of time to show) (e.g. Neely et al, 2000). The conceptualization as a “is
assumed to indicate” relationship, hence, denotes a conscious simplification of
complex interactions for analytical purposes. It should be read as “Indicator
Ai measures an outcome of an action Aa following a decision Ad. The out-
come of action Aa is likely to have an influence on (decision Bd preceding) an
action Ba (either internal to the firm, e.g. a managerial decision and an oper-
ational action, or external to the firm, e.g. a buying decision and a purchase
by a customer). As a result of a deliberate design process of the performance
measurement system, a change of the value of Indicator Ai is assumed to in-
dicate a (likely) change of the value of Indicator Bi measuring the outcome of
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action Ba.” Hence, the reasoning and justification behind an instance of this
relationship depends on specific situational factors such as the application do-
main or the purpose of the performance measurement system. It is therefore
strongly recommended to provide at least one justification for the IndicatesRe-
lation, to make the assumptions underlying the IndicatesRelation explicit and
to assess the designers’ LevelOfReliance with respect to the modeled relation.
Figure 6 illustrates the prototypical application of the inter-indicator relation
types, TransformsRelation and IndicatesRelation, based on a case study of the
performance measurement system of the National Insurance Company (Kaplan
and Norton, 1996b, 73–77).

Ad (3) The indicator-context relations. The integration of MetricML
with the MEMO family of modeling languages permits enrichment of the de-
scription of indicator types with relevant organizational context. Due to the
metalevel integration, metatypes deemed as relevant reference objects for in-
dicator types can be reused from other MEMO languages (indicated by the
colored rectangles in the concepts’ header in Figure 2) to associate an indica-
tor type with the reference object(s) it refers to. The ReferenceObject concept
thus functions as a surrogate for BusinessProcess and related types (e.g. Orga-
nizationalUnit and Resource). Hence, organizational context in MetricML is
not restricted to a metatype for processes as in related work but involves a set
of differentiated metatypes describing the surrounding action system, i.e. the
organizational setting in which an indicator type is to be interpreted.

Proper interpretation of an indicator in its organizational setting benefits
from a reference point such as a benchmark or target value (Neely et al, 1997).
Meaningful interpretation of such a reference point presupposes an association
with the respective reference object the benchmark or target value is directed at.
Unlike in earlier work (e.g. Popova and Sharpanskykh, 2010; Pourshahid et al,
2007, 2008), both targetValue and benchmark therefore qualify the RefersToRe-
lation between an indicator type and reference object type and not the Indicator
concept itself. This provides language users with additional flexibility. On the
one hand, it allows the definition of different target or benchmark values for an
indicator for the (different) reference object(s) it refers to. On the other hand,
MetricML supports defining the same reference points, i.e. the same Refer-
sToRelation, for different reference objects. To a certain degree, the semantics
of the RefersToRelation depends on the level of abstraction at which reference
object types are defined (as well as on the intended purposes and analyses of the
indicator model). However, the actual values of both targetValue and benchmark
are likely to change frequently—in most cases at least every year. Thus, both
targetValue and benchmark are specified as intrinsic attributes. They are not
instantiated at type level but at instance level to prepare for the implementation
of indicator-based information systems such as management dashboards.

The integration with other MEMO modeling languages enables domain-
specific analyses, for example, the identification of (potential) dependencies
between indicator types as illustrated in Figure 7. It depicts two indicator
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uses

ERP-System

Description: Investing more in hardware generally results 
in higher computational performance and reduced 
average cycle time.

Direction of Indication: Positive 

Assumptions: Faster hardware is available.

Level of Reliance: Low

# Cost per TPC-C
[USD/tpmC]

Respond to 
complaint

< C. Care Staff >
Description: The ERP-System that entails the hardware costs 

is used in the business process, ‘average response 
time‘ refers to. Thus, the costs relative to transaction 
processing performance (TPC-C) might have an 
influence on the cycle time.

Proposition: Higher hardware costs indicate a higher 
performance of the ERP-System.

PreliminaryAffirmation: Both, the IT Operations Manager 
and the Head of Customer Care confirmed this 
relationship as plausible.

Ju
st

if
ic

at
io

n

D

# Average cycle time 
[min]

Indicator Model

Integrated 
Business Operations  

and IT Operations 
Model

Figure 7: Identifying important yet overlooked dependencies between indicators
based on the analysis of indicator-context relations.

types that are specified independently of each other (see Step 1 in Figure 7).
The integration of the indicator model with an enterprise model (Step 2) per-
mits association of the indicator types with their respective reference objects
(Step 3). Thus, the analyst can check for and assess potential yet unidentified
(i.e. “hidden”) relations between indicators. For this purpose, the language user
can trace the associations among reference objects in the enterprise model. For
instance, the indicator type measuring a specific characteristic of a resource
(e.g. “US dollar per TCP-C”) is likely to relate to indicator types measuring the
processes the resource is allocated to (“Average cycle time”). As a result of the
visual inspection, the modeler is able to enrich the indicator system by identi-
fying this relation between these two indicators and by making it explicit, i.e.
by associating the two indicator types via an indicates relationship (see Step 4).
If a timely execution of the dependent process is more important than the rel-
ative costs of this resource, this additional relation, i.e. the integration with
the organizational context, contributes to a better understanding of—formerly
hidden—dependencies.

Further organizational context is provided through the differentiated repre-
sentation of the involvement of different groups of stakeholders. For instance,
Neely et al (1997, 1140) suggest two types of involvements of organizational roles
in indicator use: The one collecting and reporting an indicator (measures) and
the other one acting on the occurrence of a certain indicator value (acts on). In
the light of present auditing standards such as COBIT, an organizational unit,
i.e. a specific position, is accountable for an indicator. In principle, two design
alternatives are feasible to represent these types of involvement. First, for each
identified type of involvement a particular association between the metatypes
representing the organizational units and the indicator is established. Second, a
metatype serves as an “association class” between the organizational units con-
cepts and the indicator concept and allows us to instantiate these three—and
further—associations. While the latter alternative provides more flexibility for
modelers to add company-specific relations (e.g. “informed”) without adapting
the metamodel, the first alternative restricts modelers to predefined types of
involvement and their min/max-cardinalities—and is thus likely to promote a
more secure modeling. A prototypical application of these relations is illus-
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trated in Figure 4 (indicator type “Customer service—adherence to customer
schedule”).

Ad (4) The indicator-goal relation. The RepresentsRelation serves to
specify the relation between a goal type and an indicator type. A prototyp-
ical application of the language concept is provided in Figure 4 (indicator type
‘Sales turnover’ and goal type ‘Increase Return on Investment’). The explicit
differentiation between goal type and indicator type promotes separation of
concerns. ‘Performance indicator’ and ‘business objective’ represent two ab-
stractions aimed at different purposes even though their boundaries often seem
to blur in management practice (Kaplan and Norton, 2004). Moreover, stake-
holders involved in setting business objectives may not be involved in designing
the corresponding performance measurement system and vice versa. Having
goal types and indicator types as separate language concepts, thus, facilitates
division of labor and acknowledges distribution of expertise in an organization.
Differentiation at type level necessitates, however, making explicit links between
indicator types and goal types to support indicator reflection and interpretation.
Specifically, the relation between an indicator type and a goal type embodies
the hypothesis on how changes to the indicator value affect goal achievement,
or put it another way—how the goal is represented by the indicator (see Sec-
tion 4). The conceptualization of the RepresentsRelation therefore distills this
hypothesis including the intended direction of change (how does a change in
the indicator value relate to a change in goal achievement?) and the presumed
organizational impulse of the linkage (how should use of the indicator affect or-
ganizational behavior?). Potential dysfunctional consequences of indicator use
with respect to goal achievement (potentialDysfunctionalConsequences) should
be (re-)considered as part of the design process of the performance measurement
system and explicitly annotated in the RepresentsRelation as well as the level
of reliance of the hypothesis stated and the behavioral consequences (decisions
and actions) intended by the system designers (intendedOrganizationalImpulse).
Again, a rationale should be provided at the time of design to justify the hy-
pothesized relationship between an indicator and an organizational goal (justi-
fication).

The resulting visualization of an indicator with reference to the organiza-
tional goal it represents contributes to coherent performance measurement sys-
tems by highlighting its usage context and by advancing subsequent discourse.
In general, it is therefore recommended to associate an indicator type with the
goal types it is directed at. Whether an indicator type can be associated with a
goal type depends on level of detail and granularity of the goal system. In many
cases, organizational goals will be defined for high-level objectives, so that the
linkage between an indicator type and the goal type is too remote and distant to
be justified. In such cases, the IndicatesRelation should be used to express the
indirect relation between the indicator type and the goal type via other indica-
tor types. Figure 8 illustrates the use of both direct and indirect indicator-goal
relations. In some cases, modeling indicator-goal relations will reveal gaps in
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Figure 8: Integration of enterprise models with a model of a performance mea-
surement system as a basis for further analyses at different organizational levels
of abstraction—principal perspectives and levels of analysis shown at far left
(compare with Figure 1).
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the goal system and inspire the formulation of new goal types which, in turn,
can be associated with indicator types. For example in Figure 8, interpretation
of the indicator type ‘Average response time’ could benefit from its association
with a goal type ‘Increase internal user satisfaction through responsive applica-
tion systems’ or, more specifically, ‘No more than 10 percent of user requests
with a latency of 2 seconds or more’. Furthermore, the figure also provides a
prototypical application of how MetricML supports different perspectives. It
extends the diagram shown in Figure 1 by selected indicators that measure spe-
cific reference objects on various organizational levels from IT operations over
business operations up to the senior management level. The identification and
analysis of indicator-goal and inter-indicator relations at the various organiza-
tional levels contributes to stakeholder comprehension and facilitates discourse
on indicator matters.

6 Method evaluation
The three primary design goals stated in Section 1, cultivating the reflective
design and use of performance measurement systems, improving transparency
and traceability of indicator matters, and stimulating communication among
involved stakeholders, are refined and operationalized through the five domain-
specific requirements. The method evaluation is based on the assumption that
by satisfying these requirements, the design goals are met. In turn, this implies
that hypotheses underlie the relationships between high-level design goals and
domain-specific requirements. It is, for example, assumed that if a method in
support of the reflective design and use of performance measurement systems
prescribes documenting managerial intentions and assumptions, justifying indi-
cators and their relations, and prescribes reflecting upon potential dysfunctional
consequences, rational discourse is encouraged; and that traceable interpretation
of performance indicators is facilitated. In other words, the method positively
contributes to approaching the primary design goals. The remaining hypotheses
are interpreted accordingly but not made explicit, since the presumed effect and
its direction can be inferred from Section 4.

Table 2 links method features to requirements and evaluates if and how Met-
ricM addresses the five requirements. Table 3 refines the method evaluation
by showing whether and how MetricML language concepts account for key
domain-specific concepts (see Section 4.2) and by contrasting MetricML with
prior work (see Section 2). Generally, MetricM attends to each requirement
by both dedicated modeling concepts and corresponding procedural guidelines.
MetricML (re-)constructs the semantics of domain-specific concepts, recon-
ceptualizes modeling concepts proposed in related work (e.g. TransformsRela-
tion) and introduces advanced modeling concepts (e.g. RationaleSpec). The
MetricM method specifically addresses the requirements R1 Rationale and
R2 Coherence & Consistency through dedicated concepts (e.g. justification)
and guidelines. In particular, MetricML frames a space of potential exten-
sions to current business practice by introducing dedicated modeling concepts
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Table 1: Evaluating MetricM: Method features contrasted with domain-
specific requirements.
Requirement Description MetricM features and dis-

cussion

R1 Rationale A method should provide
concepts that allow for
a differentiated representa-
tion of the rationale under-
lying an indicator and its
relations. It should pro-
vide the means to justify
the existence and impor-
tance of (relations between)
performance indicators and
to reveal intentions and as-
sumptions informing indica-
tor justification.

Dedicated language con-
cepts and corresponding
procedural recommen-
dations contribute to
substantiation of indica-
tors and their relations.
RationaleSpec metatype
and justification attributes
foster multi-criteria justifi-
cation; purpose, intention,
assumptions substantiate
indicator type definitions.

R2 Coherence
& Consistency

A method should support—
and, if possible, enforce—
the design of coherent and
consistent performance in-
dicator systems. The
method should, therefore,
provide a precise perfor-
mance indicator conceptu-
alization and account for
the precise and differenti-
ated representation of re-
lations among performance
indicators.

Coherence fostered by ex-
plicit consideration for or-
ganizational goal and for or-
ganizational context to fa-
cilitate indicator interpre-
tation within its organiza-
tional setting (with seman-
tically rich description of
context through respective
language concepts); Con-
sistency fostered by pre-
cise indicator type defini-
tion and differentiated re-
lations between indicators;
Metamodel-based approach
supports modeling tool de-
velopment to prevent syn-
tactical errors and to fos-
ter convenient and efficient
modeling.
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Table 2: Evaluating MetricM: Method features contrasted with domain-
specific requirements - Part II.
Requirement Description MetricM features and dis-

cussion

R3 Multiple
perspectives
and levels of
abstraction

A method should provide
meaningful representations
of indicator systems on var-
ious levels of abstraction to
satisfy the needs of affected
groups of prospective users.
To foster an intuitive use of
the method, each perspec-
tive should, as far as possi-
ble, correspond with the ab-
stractions, concepts and (vi-
sual) representations known
and meaningful to the tar-
geted group of stakehold-
ers. All perspectives should,
on the other hand, be in-
tegrated with each other
to foster cross-perspective
communication and cooper-
ation.

Reuse of MEMO perspec-
tives and structuring con-
cepts (e.g. AggregatedPro-
cess and Organizational-
Unit) to tailor perspectives
to the needs of stakehold-
ers and to provide repre-
sentations akin to known
visualizations; Integration
through common meta- and
meta-metamodels. Indica-
torCategory to visually tag
and classify indicators ac-
cording to user-defined ty-
pology.

R4
Organizational
Context

A method should account
for the relevant organiza-
tional context and, thus,
allow for the differentiated
representation of relations
between performance indi-
cators and the surround-
ing action system composed
of all organizational entities
relevant to their proper in-
terpretation.

Surrogate ReferenceObject
to reuse concepts pro-
vided by MEMO languages
representing the rele-
vant organizational action
system, e.g. BusinessPro-
cess, OrganizationalUnit ,
InformationSystems, or
Uncertainty .

R5
Organizational
Goal

A method should allow
for associating an indicator
with the organizational goal
the indicator is designed to
represent. It should pro-
vide means to make the in-
tended indicator-goal rela-
tion explicit and should ac-
count for a differentiated
representation of indicator-
goal relations.

Explicit differentiation
between goal type and indi-
cator type; RepresentsRela-
tion to associate indicator
type with goal type and to
specify further semantics of
the relation (e.g. intende-
dOrganizationalImpulse,
potentialDysfunctionalCon-
sequences).
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supporting the reflective design and use of performance measurement systems
(e.g. the IndicatesRelation and the RationaleSpec respectively justification at-
tribute). Requirement 3 Multiple perspectives and levels of abstraction is ad-
dressed by the MetricML IndicatorCategory metatype and through the reuse
of existing MEMO concepts—including the conceptualization of a “perspective”
as a cognitive predisposition (Frank, 1994, 164). MetricM, furthermore, ben-
efits from the reuse of MEMO modeling concepts and corresponding process
models with regard to both requirements R4 Organizational context (e.g. Orga-
nizationalUnit) and R5 Organizational goal (e.g. Goal). Though, MetricML
provides differentiated relations between indicator types and organizational con-
text concepts (e.g. RepresentsRelation). MetricML also extends earlier work
by incorporating further concepts representing the organizational action system
an indicator refers to—beyond business processes, agents, and their roles. In
summary, the initial method evaluation indicates that both the MetricML
language concepts and the corresponding procedural guidelines of MetricM
promise to appropriately support the intended design goals of stimulating com-
munication among stakeholders, of improving transparency and traceability of
indicator matters, and, lastly, of cultivating the reflective design and use of
performance measurement systems.

The present design of MetricM acknowledges prior contributions e.g. to
automated indicator reasoning and to the development of indicator-based soft-
ware systems such as management dashboards. MetricM is thus designed to
complement other approaches and to open paths to method integration: Specif-
ically, the approach by Popova and Sharpanskykh (2010) targets automated
reasoning and provides complementary concepts for expressing indicators as
logic statements. Moreover, the approach by Pourshahid et al (2007, 2008) as
well as our own prior work (Frank et al, 2009) is primarily aimed at the de-
velopment of corresponding software systems and, among others, supplements
differentiated concepts for indicator values (target, benchmark, threshold etc.).
MetricM does currently not address those aspects as such but provides means
for integrating with related work through dedicated modeling concepts aimed
at method integration (i.e. the IndicatorAttribute concept and the expression
attribute in the TransformsRelation). To support the development of indicator-
based information systems, MetricM would require such a method integration
and entail further refinements of the semantics of modeling concepts. Presently,
concepts like RationaleSpec and intention rely on String data types and do not
provide further semantics; hence, impeding advanced tool-supported analyses.

However, the present conceptualizations in MetricML assume that the
precise semantics of concepts defined by their attributes and relations in the
metamodel promotes comprehension by language users. Further research has to
study the effects of the presented conceptualizations on prospective users, i.e.,
whether the proposed concepts indeed improve communication and coopera-
tion or whether their graphical representations are accepted by the stakeholders
involved in performance measurement system design and use. The number of
concepts and the diversity of relations in MetricML suggests that the language
itself may increase complexity when using the method. It is thus currently not
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feasible to reason about the effects of MetricM on the complexity-reducing
effects of using a DSML in performance measurement system design and the
complexity-increasing effects of the language itself. Further research is needed
to investigate these two opposing effects.

A further limitation of MetricM pertains to its supposedly high costs due to
demanding modeling know-how, communication skills, and time requirements.
These costs should decline (1) as patterns of certain performance indicator def-
initions and recombinations of indicator types are identified and conceptualized
as reference models, so that model reuse increases and modeling efforts reduce;
(2) if indicator modeling is conducted as part of other modeling activities in the
context of business process management (Davies et al, 2006), so that existing
models, experiences, and know-how can be reused; and (3) if modeling tool sup-
port becomes available (for a discussion of these aspects, see Frank et al, 2008,
2009).

7 Conclusion
In part, the present work is motivated by a dilemma. On the one hand, there is
clear evidence that controlling complex action systems by focusing on numeri-
cal indicators will not only create bias, it may also contribute to opportunistic
plans that are not beneficial for an organization’s long term competitiveness.
On the other hand, there is no doubt that managing complex organizations
requires purposeful abstractions, hence some sort of indicators. A method for
modeling indicator system is aimed at relaxing this dilemma by rationalizing
the process of creating, using and maintaining indicators. This research was
conducted following a design research process configured for the epistemological
particularity of research on modeling methods to develop a linguistic artifact—
a conceptual modeling method—that cultivates the reflective, thoughtful, and
rational design, use, and interpretation of performance measurement systems.
The method consists of a domain-specific modeling language and corresponding
procedural recommendations that guide the application of language concepts.
It is built upon and extends an enterprise modeling approach to benefit from
the reuse of modeling concepts to provide relevant organizational context in-
cluding business objectives, organizational roles and responsibilities. Using case
studies and prototypical language applications, the study demonstrates how the
language supports the design, use, and analysis of performance measurement
systems. Results of the method evaluation, which discussed method features
in the light of essential domain-specific requirements, concepts and prior work,
showed that the presented modeling method meets five essential domain-specific
requirements. The method’s metamodel-based specification and corresponding
graphical notation provides abstract and concrete syntax and formal seman-
tics of dedicated modeling constructs for key domain-specific concepts. The
findings indicate that the method allows the convenient creation of coherent
and consistent indicator models that promise to facilitate interpretation, judg-
ment, and reflection of performance measurement systems. In particular, the
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design artifact contributes to existing work in that it adds essential concepts
to modeling performance indicators and semantics to key modeling concepts.
Implementation of tool support for MetricM is underway in the context of an
enterprise modeling environment (Gulden and Frank, 2010). Results of the work
on MetricM inform an ongoing multi-annual research project with a leading
U.S.-based vendor of IT management software aimed at designing a modeling
method for developing advanced management dashboards. In this regard, the
artifact outlined in the paper marks a further step toward a comprehensive
modeling support for performance measurement. Such a methodical support
remains on our research agenda.
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