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ABSTRACT

This paper builds on principles and techniques developed in measurement science, as currently

understood  in  physical  sciences  and  engineering,  to  improve  the  theory  and  practice  of

performance  measurement.  To  do  so,  it  firstly  discusses  three  fundamental  positions  on

measurement, characterized as metaphysical, representational and relativistic. Subsequently, it

lays the foundations of a pragmatic epistemology of measurement in both physical and social

sciences. Finally, these insights are integrated through the examination of possible advances in

both the theory and practice of performance measurement in organizations. 

Keywords:  Performance  measurement,  Measurement  science,  Epistemology,  Performance

management.

“Our  interest  in  measurement  for  driving  performance  improvements  arose  from  a  belief

articulated more than a century [ago] by a prominent British scientist, Lord Kelvin (1883): “I

often say that when you can measure what you can speak about, and express it in numbers, you

know something  about  it;  but  when you  cannot  measure it,  when  you cannot  express  it  in

numbers, your knowledge is of a meager and unsatisfactory kind. If you cannot measure it, you

cannot improve it.” Norton and I believed that measurement was as fundamental to managers as

it was for scientists” (Kaplan, 2009; p. 1253).
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1. Introduction

Performance is a notion that permeates contemporary societies, as a means to assess the quality

of individual and collective efforts (Corvellec, 1997). In management research, performance is

often perceived as encapsulating the unitary purpose of organizations (March and Sutton, 1997).

Indeed, organizations are required to ‘perform’ and to communicate their achievements to key

stakeholders.  As  a  consequence,  organizational  functions  and  processes  are  increasingly

demanded to demonstrate their contribution to performance.

The  need  to  establish  links  between  planning,  decisions,  actions,  and  results  has  generated

substantial  interest  in  the  measurement  of  organizational  performance.  Scholars  from

management accounting and other areas of management research have examined a wide range of

issues  related  to  the  design,  implementation,  use,  and  review  of  performance  measurement

systems (see, for example, Chenhall and Langfield-Smith, 1998; Goold and Quinn, 1990; Hall,

2008; Henri, 2006; Ittner et al., 2003; Neely, 1999). In management practice, organizations have

invested considerable  resources  to  measure  and demonstrate  their  performance (Hood et  al.,

2000; Micheli and Manzoni, 2010). However, there is still no conclusive evidence supporting

either  the  benefits  or  the  shortcomings  of  introducing performance measurement  systems in

either private or public sector organizations (Griffith and Neely, 2009; Malina and Selto, 2001;

Power, 2004; Townley et al., 2003).

This paper argues that both research and practice in performance measurement (PM) suffer from

an underdeveloped conceptualization of  the  notion  of  performance measurability, and of  the

derived measurement processes. While the study of PM has often led to the critique or support of

specific  frameworks,  such  as  the  Balanced  Scorecard  (Kaplan  and  Norton,  1992,  2008),  in

physical sciences and engineering the very concept of measurement has been extensively debated
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also  at  a  foundational  level  (Campbell,  1920;  Carnap,  1966;  Ellis,  1968;  Hempel,  1952).

Learning  from the  insights  generated  by  these  debates,  we  argue  that  a  characterization  of

measurement  in  purely  functional  terms  (Joint  Committee  for  Guides  in  Metrology, 2008a)

allows  its  application  to  non-physical  properties  without  any  reductionist  or  physicalist

implications and, as such, it could inform studies in management research.

By  examining  PM  epistemology, we  aim  at  advancing  both  the  theory  and  the  practice  of

management in two major ways. First, we draw on fundamental debates on measurement science

made in physical sciences and engineering to provide more robust theoretical bases to the study

of the measurement of performance in organizations. Through an epistemological analysis of

measurement,  we re-examine  key properties  of  measurement  (e.g.,  objectivity, accuracy and

precision), and on this basis we discuss and compare the implications of adopting a criterion of

adequacy, as opposed to a criterion of truth, and of a model-based view, as opposed to a truth-

based view, for characterizing measurement and its results. Second, we explain and help address

several issues that have emerged in PM related studies, for example on the links between PM and

strategy; on the roles of PM in organizations; and on the importance of reviewing PM systems.

We start by providing an overview of current debates on the theory and practice of PM. We then

introduce some epistemological analyses on measurement in the physical and social sciences.

Subsequently,  we  present  an  outline  of  a  conceptual  history  of  measurement,  as  mainly

developed  in  physical  sciences  and  engineering,  by  comparing  three  main  paradigms:

metaphysical, representational, and relativistic. This discussion leads to the examination of PM

as a fundamentally epistemic and pragmatic act, rather than as the determination of the ‘true

value’ of organizational performance.  We conclude by discussing several implications of this

standpoint for measurement of performance in organizations.
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2. Performance measurement: benefits, limitations and shortcomings

Studies  in  performance measurement  have often focused on procedures  and tools  that  could

improve the efficiency and the effectiveness of organizations (Franco-Santos et al., 2007; Kaplan

and Norton,  1992). Several researchers have demonstrated that appropriate measurement and

management of performance can facilitate:

 formulation,  execution and review of organizational  strategy (Ahn, 2001; Chenhall,  2005;

Euske et al., 1993; Gimbert et al., 2010; Govindarajan and Gupta, 1985);

 communication  of  the  results  achieved  to  stakeholders,  and  strengthening  of  brand  and

reputation (Atkinson et al.,  1997; McKevitt and Lawton, 1996; Neely et al.,  2002; Smith,

1995a);

 strategic  alignment,  motivation  of  employees  at  all  levels,  creation  of  a  performance

improvement culture, and organizational learning (Gittell, 2000; Henri, 2006; Kolehmainen,

2010; Malina and Selto, 2001; Roos and Roos, 1997).

Several empirical studies have shown how PM can be generally productive and help improve

organizational performance (Davis and Albright, 2004; Franco et al., 2012; Hoque and James,

2000; Ittner et  al.,  2003; Speckbacher et  al.,  2003).  However, despite considerable resources

invested (Neely et al., 2006), PM related initiatives can often fail to deliver on their promises

(Neely and Bourne, 2000). Furthermore, if done poorly, they can be not only ineffective, but

harmful and indeed destructive (Perera et al., 1997; Royal Statistical Society, 2005). Therefore, it

is  crucial  to  understand  under  which  specific  conditions  performance  measurement  and

management practices can actually enable performance improvements.

So-called ‘alternative approaches’ have looked at PM, considering it more as a social practice
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rather than as a technical process (Covaleski et al., 1996). In this context, the need for deeper

reflections  on  the  conceptual  and  operative  conditions  required  for  the  measurement  of

performance has been advocated (Chua and Degeling, 1993). Indeed, a number of scholars have

remarked that  PM is often regarded as the objective evaluation of  reality  by academics  and

practitioners (Morgan, 1988; Power, 1997). The customary use of adages such as ‘if you cannot

measure it, you cannot manage it’1 and ‘what gets measured gets done’ (Garvin, 1993; Johnson

and Kaplan, 1987; Kaplan and Norton, 1992; Osborne and Gabler, 2002; Peters and Waterman,

1982) sometimes expresses not only the acknowledged importance of PM in organizations, but

also, and far more generally and critically, a (usually unjustified) belief about the epistemic role

of measurement, i.e., its capacity to acquire and communicate knowledge. These praising adages

have two major implications: first, they suggest that measurement is a necessary condition for

management and a sufficient condition for aligned attitudes and behaviors, whereas this is not

necessarily the case in organizations (Kennerley and Mason, 2008; Pollitt, 2006; Smith, 1995b).

Second,  they  are  silent  regarding  all  the  key  properties  of  measurement  (e.g.,  objectivity,

accuracy, and precision), almost as if they were unproblematic and could be taken for granted.

A basic  aim  of  this  paper  is  to  argue  against  the  underpinnings  of  such  a  position  and  to

challenge  the  widespread,  albeit  often  implicit,  view that  PM could  enable  organizations  to

1

 This cliché is easily falsifiable by acknowledging that, instead, ‘you can control (and, therefore, manage)
even  what  you do  not  measure’.  As  a  simple  example,  let  us  consider  a  feedback  control  system,  such  as  a
thermostat or a car cruise control, in which the set point is fixed according to the strategy ‘maintain this state’ (i.e.,
the current temperature, the current speed), whatever such state is and even without knowing its representation as a
quantity value. Since feedback operates so as to minimize error, i.e., the difference between desired and current
state, all is required in this case is an acquisition device stable enough to make such comparison reliable, even
independently of the availability of any formalized information on the controlled quantity, and therefore of any
measurement.  The most  explicit  indication  that  this  is  ‘control  without  measurement’ is  that  a  control  system
exploited in this way does not require any calibration for its proper usage, nor does it produce any information on
the controlled system.
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determine  the  ‘true  value’2 of  their  performance,  and,  as  a  consequence,  that  ‘perfect

measurement’ leads to improved performance. To this goal, we analyze the epistemological bases

of PM, a topic  on which,  interestingly, little has been written about.  To do so,  we build on

debates  on measurement  in  physics and engineering,  where key aspects  of  the measurement

process  have  been  extensively  discussed.  These  lead  us  to  propose  a  position  of  pragmatic

moderate relativism, which supports the view that the trade-off between acceptable quality and

available resources - rather than ‘perfect’ objectivity, precision and accuracy - is the most general

criterion for ‘good’ measurement.

3. Differences between sciences: epistemological preliminaries

While this paper is not aimed at investigating the complex topic of the (possible) methodological

characterization of different scientific disciplines, it is important to consider the implications that

different modes of explanation and theorization have on the theory and practice of PM. Indeed,

important differences between sciences can be recognized in the process of formation of theories,

in the way they are applied, and how such a use is deemed to affect the behavior of theorized

systems (Ghoshal and Moran, 1996). The application of management theories, unlike theories in

sciences of inorganic or organic matter, has generally a considerable impact on the object they

relate to, e.g., the application of theories such as agency theory significantly affects the ways in

which  organizations  operate.  As  organizations  are  adaptive  systems,  in  the  social  sciences

2 The term ‘value’ is unfortunately polysemic: it can be used with an axiological connotation, thus referring to the
desirability of an entity in a context (“this object  is of (high / low) value”),  but  also with a purely formal
meaning, particularly to designate the result of the application of a function to an argument (if the function f is
applied to the argument x, then y = f(x) is the value of f for x), where indeed such an application is also called an
‘evaluation’. In this paper we will only deal with this latter meaning, according to the common modeling of
properties as functions, which map objects (“having” such properties) to property values. Consequently, for
example 1.23 m might be the value of the property length as applied / considered for a given object. Similarly,
we could say that 98% is the value of a property, i.e., performance, as calculated for the logistics function of an
organization (measured, for example, as percentage of on-time delivery of products).
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theories  tend to  be self-fulfilling,  whereas  in  physical  sciences  they  clearly do not  (Gergen,

1973). For example, the more a theory is based on strong assumptions about human self-interest

and opportunism, as is the case of agency theory, the more its application will induce exactly

those types of behaviors expected from the theory itself (Ghoshal and Moran, 1996). Indeed,

attitudes and behaviors are both affected by “individual dispositions as well as by the situation

that shapes the individual’s perceptions and instrumentalities” (Pfeffer and Sutton, 2006; p. 50). 

Therefore, in a principal – agent situation, there is a high risk that “opportunistic behavior will

increase with sanctions and incentives imposed to  curtail  it,  thus creating the need for even

stronger and more elaborate sanctions and incentives” (Ghoshal and Moran, 1996; p. 14). In

other words, the assumption that agents are self-interested and behave opportunistically would

not only lead to taking measures to tackle such behavior, but it would also reinforce agents’ self-

interest and opportunism. Also, considering organizations as bundles of employment contracts

can make managers focus on controlling opportunistic behavior so much that they are distracted

from the main task of running a business (see, e.g., Beer and Cannon, 2004; Pfeffer, 1998).

On the other hand, despite the existence of significantly different explanation modes, processes

of theorization and epistemic roles of the human agent, many management scholars have adopted

the “‘scientific’ approach of trying to discover patterns and laws, and have replaced all notions of

human  intentionality  with  a  firm  belief  in  causal  determinism for  explaining  all  aspects  of

corporate performance” (Ghoshal, 2005; p. 77). Such a concept of ‘scientific’ approach clearly

refers to the ‘hard’ sciences, as conceptualized and progressively developed from the Galilean-

Newtonian  interpretation  of  the  role  of  experiments  in  knowledge  acquisition  and

conceptualization. In fact, despite being a social science, management often adopts modes of

explanation and theorization that are derived from physics, in which the object of the study is
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supposed not  to  be  affected  by  the  theory  being  adopted.  As  Ghoshal  (2005;  p.  79)  notes,

“management  theories  at  present  are  overwhelmingly  causal  or  functional  in  their  modes of

explanation”. In this regard, in his Nobel Memorial Lecture, Friedrich von Hayek stated that

economics,  like other social  sciences,  is  subject to the so-called ‘physics envy’,  which leads

researchers  to  draw  inappropriate  conclusions  and  to  forcefully  adopt  methodologies  and

methods drawn from physical sciences (von Hayek, 1989), mostly because of physics’ predictive

abilities. Von Hayek referred to this issue as ‘scientistic error’.

Reflections on the differences between sciences have relevant implications on the epistemology

of PM. A realist view assumes that the external world exists independently of us and can be

accessed objectively, and that observations can be reported by means of a subject-neutral and

theory-neutral language. It also supports the formulation of general laws for ‘closed systems’,

where  environmental  influences  can  be  controlled,  or  even  completely  eliminated  (Tsoukas,

1989). A subjectivist, or, more generally, a non-objectivist, view denies the possibility of such an

epistemological foundation, emphasizing the critical, constructive role of human agents, possibly

with reference to the interactions with an independent external reality, which can constrain or

facilitate human action (Johnson and Duberley, 2000).3

Social sciences entail operative interventions in social life and value judgments by investigators

(Bhaskar, 1978): hence, instead of being primarily aimed at providing ‘true descriptions’ of the

external world, their theories can be considered “a form of insight, i.e., a way of looking at the

world, and not a form of knowledge of how the world is” (Bohm, 1980; p. 4). The polysemy of

the  fundamental  concept  of  ‘explanation’ is  a  meaningful  indicator  in  this  regard:  while  in

3 On this point, see also Goodman’s (1978; p. 7) comment: “With false hope of a firm foundation gone, with the
world displaced by worlds that are but versions, with substance dissolved into function, and with the given
acknowledged as taken, we face the questions how worlds are made, tested, and known.”
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physical sciences to explain mainly means to exhibit a law from which the explanandum can be

derived by deduction – the so-called  nomological explanation –, in social sciences to explain

mainly means to identify a goal able to justify the explanandum as a consequence – the so-called

teleological explanation (Nagel, 1961).4, 5

The adoption of an epistemological stance according to which theories can provide insight, rather

than  objective  knowledge,  has  relevant  implications  for  the  measurement  of  organizational

performance. First of all, PM will have to be regarded as a means to gather and analyze data in

relation to organizational performance, rather than as a way to access (actual or potential) ‘true

knowledge’  of  how  organizations  perform.  Second,  our  understanding  of  organizational

performance  will  inevitably  be  limited.  These  implications,  in  turn,  could  have  substantial

repercussions on the design, implementation and use of PM systems. Since these claims call into

question  the  very  concept  and  possibility  of  measuring  performance,  the  following  section

discusses the epistemology, and in some degree the ontology, of measurement in more depth. To

do so, recent developments in measurement science, as currently understood in physical sciences

and engineering, are analyzed and subsequently implications for PM are discussed.

4. The epistemology of measurement

Management  scholars  have  emphasized  how,  according  to  the  positivist  paradigm,  which

4 The historical development of ‘hard’ sciences such as physics and biology can be regarded as a progressive shift
in explanation style, from teleological to nomological (e.g., why do heavy bodies fall when they are free to
move above the earth surface? from: because they aim at reaching their natural place; to: because they are
attracted by the gravitational field generated by the earth). Noteworthy is the fact that nomological explanations
are predictive (their applicability conditions are generally well identified, so that explanations can be deductive),
whereas  teleological  explanations  are  not  (they  refer  to  ‘intentions’,  thus  preventing  repeatability  and  the
possibility of generalization).

5 Although the primary focus of this paper is not on the long-standing debate over the nature of social sciences, it
should be noted how the paradigm of the ‘design sciences’, inspired by Simon (1996), has received considerable
attention in recent years (Bate, 2007; Denyer et al., 2008; Huff et al., 2006; Romme, 2003).
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maintains an objectivist epistemological perspective, many studies in management are based on

the following assumptions:

 “Variables  other  than  the  ones  whose  variation  we  would  like  to  observe  are  perfectly

controlled for.6

 The empirical scales measure the constructs completely.

 There is no cognitive disagreement among social agents about the definition of the situation.

 Social agents have an ability to reflect, that is, they can think about their own thinking and

that of others” (Numagami, 1998; p. 4-5).

Interestingly, these assumptions are aligned with traditional principles in physical science, for

which measurement is “a process of empirical, objective assignment of symbols to attributes of

objects and events of the real world, in such a way as to represent them, or to describe them”

(Finkelstein,  2003;  p.  41).  On the  other  hand,  we argue  that,  not  only  are  the  assumptions

outlined  by  Numagami  examples  of  ‘physics  envy’ and  ‘scientistic  error’,  but  also  current

debates in measurement science are questioning the validity of those very principles in physical

sciences and engineering. With the aim of clarifying these issues and providing an alternative

epistemological perspective on PM, an overview of the conceptual history of measurement of

physical quantities is now provided.

4.1 Measurement: history and characterizations

The etymology of the Greek word for ‘measure’ provides an interesting insight into the concept

6 This assumption is often referred to as ceteris paribus hypothesis. In physics it has traditionally played a critical
role to justify the superposition principle, for which, e.g., the problem of computing the state of a system of n
interacting bodies, that in general is mathematically intractable for even low values of n, is reduced to the much
simpler problem of computing the state of  n(n1)/2 systems of 2 bodies. Systems for which such a reduction
leads to inadequate results are paradigmatically considered complex.

10



and history of measurement science (Mari, 2003). Indeed, two general meanings can be retraced

for it:  ‘subjective evaluation’, as in the well-known quotation attributed to Protagoras (Plato,

Theaetetus, 152a), “man is the measure of all things, of the existence of things that are, and of

the non-existence of things that are not”, and ‘objective description’, in particular because of the

Euclidean  systematization  of  geometry,  according  to  which,  “a  magnitude  is  a  part  of  a

magnitude, the less of the greater, when it measures the greater; the greater is a multiple of the

less when it is measured by the less; a ratio is a sort of relation in respect of size between two

magnitudes of the same kind” (Elements, Book V, definitions 1–3). The common ground of these

conceptions is that a measure has something to do with a comparison with a pre-identified entity,

man according to Protagoras, a magnitude according to Euclid. On the other hand, consistent

with the Greek philosophical attitude against empirical activities, neither of them emphasizes the

experimental side of measurement. The path towards the current understanding(s) of the concept

has  been  complex  and  everything  but  linear.  Three  main  paradigmatic  standpoints,  also

interpretable as approximately subsequent phases of a conceptual history of measurement, could

be defined (Mari, 2003):

1. metaphysical

2. representational

3. relativistic.

While the authors of this paper do not endorse any of these standpoints, for the aims of this

paper,  it  is  important  to  review  their  main  tenets  and  conclusions.  The  first  position  was

expressed by the founders of physical sciences, such as Pythagoras and Aristotle on the one

hand, and Galileo and Kepler on the other, for whom numbers were part of the empirical world,

so that measures were inherent properties of the objects being measured (“numbers are in the
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world”, as Kepler wrote (Letter to Micheal Maestlin, 1595)). According to them, phenomena

were intrinsically quantitative, and measurement operated to determine pre-existing properties,

i.e., as a discovery process of ‘true values’ of quantities (Mari, 1997). The classical distinction

between ‘primary’, i.e., ‘intrinsic’, and ‘secondary’, i.e., subject-related, properties also clearly

emphasizes the ontological assumptions underlying this position. As late as 1899, reliance on the

fundamental possibility and power of measurement led A.A. Michelson7 to state that since “the

more important fundamental laws and facts of physical science have all been discovered [...] our

future discoveries must be looked for in the sixth place of decimals” (quoted in Richtmyer et al.,

1969; p. 43), thus emphasizing the role of precision, as obtained by measurement, in the search

of ‘truer and truer’ values.

During the 19th century and the first decades of the 20th century the effectiveness of measurement

in physical sciences and engineering acted as a trigger to export that paradigmatic knowledge

acquisition  process  to  different  disciplines,  with the aim of  increasing  the  objectivity  in  the

evaluation of properties of psychophysical, behavioral, and social phenomena (Rossi, 2007). In

such a broader context, the very concept of true value, usually assumed a real number (with a

measurement unit), was generally deemed to be unmaintainable, and the focus shifted towards

the measurability of ‘secondary’ properties. This led to the endorsement of the representational

standpoint,  an  a-metaphysical  –  and  sometimes  anti-metaphysical,  in  some  neo-positivistic

interpretations  –  perspective,  according  to  which  measurement  results  cease  to  be  true

expressions of reality, and they are thought of instead as representation means, i.e., results of

operations that preserve the relations observed among entities. Through the first representation

theorems  (Helmholtz,  1887;  Hölder,  1901)  and  the  theory  of  scale  types  (Stevens,  1946),

7  Michelson was awarded the Nobel Prize in physics in 1907.
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measurement was then formalized as a (homo)morphism (Krantz et al., 1971, 1989, 1990), i.e., a

function  preserving  the  relations  defined  on  its  domain,  thus  emphasizing  the  internal

consistency  of  representation,  sometimes  also  characterized  as  ‘empirical  meaningfulness’

(Roberts,  1979),  instead of  its  truth.8 It  is  indeed this  consistency constraint  that  guarantees

measurement  to  be  adequate  for  its  goal  of  representing  information  on  measured  entities.

Furthermore,  this  stresses the importance,  if  not the unavoidability, of interpretive models in

acquiring knowledge about reality.

The move from the metaphysical to the representational position is crucial, as it implies a sharp

shift  of  emphasis,  from  ontology  (measurement  as  a  means  to  know  how  reality  is)  to

epistemology  (measurement  as  a  means  to  acquire  and  consistently  express  information  on

reality). As this position maintains, measurement only claims to act as a representational tool, a

bridge  between  reality,  to  which  the  object  under  measurement  belongs,  and  the

linguistic/symbolic realm, to which the measurement result belongs: measurement relates to the

available knowledge on the state of an object. While still  requiring the information produced

through measurement to be non-ambiguous and inter-subjective (i.e., to be interpretable in the

same way by different subjects), and measurement results to convey information solely about the

measured  property  (Cecconi  et  al.,  2006),  from  a  representational  point  of  view  the  very

constraints  for  measurement  to  be  objective  and  empirical  assume  a  new  connotation.  By

objectivity is meant here that “the numbers assigned to a property by measurement must, within

8 A simple example of such consistency constraints is as follows. Let us suppose that: (i) an empirical procedure
is available to assess, for any two organizations x and y, which of them has achieved a better performance, in
symbols  x<perfy,  or  that  they  have  the  same  performance,  x=perfy;  (ii)  such  comparisons  fulfill  some  usual
conditions (=perf is reflexive and symmetric, <perf is anti-symmetric, both =perf and <perf are transitive, …). Then
according to the representational standpoint any mapping f from x,  y, … to, e.g., natural numbers, which is a
homomorphism (i.e., if x<perfy then f(x)<f(y) and if x=perfy then f(x)=f(y)) formalizes a measurement. It should be
noted that nothing prevents here the empirical assessments x<perfy, or x=perfy to be subjective.
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the limits of error, be independent of the observer” (Finkelstein, 2003; p. 41). Empiricity means

that  measurement  “must  be  the  result  of  observation  and  not,  for  example,  of  a  thought

experiment”; this is because “the concept of the property measured must be based on empirically

determinable relations and not, say, on convention” (Finkelstein, 2003; p. 41). This emphasis can

be  understood  by  remarking  that  nothing  in  the  representational  formalization  implies

(homo)morphisms  to  describe  objective  and  empirical  processes  (the  results  of  a  ‘thought

experiment’, or just a subjective guess, can be in fact represented in (homo)morphic terms), so

that  being  objective  and  empirical  are  independent  constraints  and,  as  such,  they  must  be

explicitly  introduced  (and  indeed  if  what  prescribed  by  the  representational  standpoint  is

assumed as  a  sufficient,  and not  only necessary, condition of  measurability, then completely

subjective estimations are measurements as long as they are consistent in the representational

sense).

The further move towards the third, relativistic, position is also significant, as it entails an even

more  explicit  emphasis  on  a  model-based  view,  as  symbolized  in  the  shift  from  error  to

uncertainty  (Joint  Committee  of  Guides  in  Metrology, 2008b).  The  concept  of  error,  as  the

expression of the discrepancy from a given reference, has been traditionally associated to the

empirical inability in the measurement process of determining the true value of the property of

an object. Rather, uncertainty is a “non-negative parameter characterizing the dispersion of the

quantity  values  being  attributed  to  a  measurand,  based  on  the  information  used”  (Joint

Committee  of  Guides  in  Metrology, 2008a).  In  this  context,  ‘measurand’ is  defined  as  the

“quantity intended to be measured” (Joint Committee of Guides in Metrology, 2008a), where this

‘intention’ further  stresses  the  dependence  on  models.  This  characterization  emphasizes  that

measurement is a knowledge-based assignment process, and not the empirical determination of a
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pre-existing  property  value.  Accordingly,  quantification  of  phenomena  is  considered  to  be

possible only within a given, although sometimes implicit, model, so that the notions themselves

of ‘true value of a measurand’ and of its determination become meaningless. In order to explain

the substantial implications of this claim, the next section discusses the relativistic paradigm in

more detail, also pointing out some ongoing further developments.

4.2 The relativistic paradigm and beyond

From  a  relativistic  perspective  the  concept  of  model  becomes  of  primary  importance.  In

particular,  a  model-based  view  takes  into  account  pragmatic  components,  which  are  not

considered in the two previous paradigms, and regards measurement as a process, which aims at

attaining ‘adequate-to-purpose’, rather than ‘true’, results.9 Replacing the criterion of truth with a

criterion  of  adequacy  has  profound  consequences,  since,  according  to  the  latter  position,

decisions  over  cost  and  quality  of  measurement  become  essential  components  of  the

measurement process itself. As a paradigmatic case, in this context the very concept of ‘absolute

precision’ for measurement results is acknowledged to be meaningless, and the search for their

increasing precision is considered relevant only as a trade-off with measurement resources, and

therefore, in particular, costs. Similarly, the concept of accuracy could be re-conceptualized as

the degree of trust that can be attributed to a value, as obtained by a suitable characterization of

the measurement process, rather than its correspondence (its ‘closeness of agreement’, according

to the Joint Committee for Guides in Metrology (2008a)) to the ‘true value’. If measurement is

regarded as  an  assignment,  rather  than  a  determination,  any measurement  result  could  only

9 The concept of truth is a complex and controversial one, as the coexistence of several distinct “theories of truth”
witnesses  (see,  e.g.,  Glanzberg,  2009).  Even  in  the  specific  context  of  measurement  science  a  significant
transition is in progress, where ‘true value’, once referring to the value produced by an “ideal” measurement
system operating in “ideal” conditions, is now defined as “quantity value consistent with the definition of a
quantity” (Joint Committee for Guides in Metrology, 2008a).
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generate information that is meaningful in the context of the model within which measurement is

being  carried  out.  Therefore,  “measurement  results  must  be  assigned  (and  not  determined)

according to the goals for which the measurement is performed, with the consequence that they

are adequate if they meet such goals” (Mari, 2007; p. 76).

From  a  relativistic  standpoint,  objectivity  and  inter-subjectivity,  features  already  taken  into

account  by the  representational  position  (Finkelstein,  2003),  are  still  considered to  be target

points for measurement. However, the traditional acknowledgment that experimental issues (e.g.,

environmental  noise  and  instrumental  instabilities)  make  it  impossible  to  fully  reach  these

conditions is complemented with the understanding that the unavoidable presence of models are

also  issues  that  make  the  measurement  process  and  its  results  not  ‘ideal’.  This  particularly

applies  to  the  problem of  measurand  definition.  Once  a  neglected  issue,  under  the  implicit

assumption that properties are given and as such do not need to be defined, it was particularly

thanks to Bridgman (1927) that the importance of defining even classical physical quantities was

affirmed in order to prevent ambiguities and misinterpretations. This model dependence is what

in the social sciences (and psychometrics in particular) is customarily acknowledged in terms of

the problem of construct validity, and it is the basis of current research activities aimed at giving

a  formal  ground to  the  concept  of  definitional  uncertainty, the  “component  of  measurement

uncertainty resulting from the finite amount of detail in the definition of a measurand” (Joint

Committee  for  Guides  in  Metrology,  2008a).  As  a  consequence,  such  experimental  and

conceptual  issues  are  interpreted  as  critical  elements  in  the  general  trade-off with  resources

devoted to perform measurement. According to the relativistic view, measurement itself can be

characterized as a process able to acquire and formally express information that is ‘objective and

inter-subjective enough’ for the given purposes.
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On the basis of the previous discussion, the main features of the relativistic paradigm can be

summarized as follows:

 Measurement is not a determination, but an assignment. Measurement results only generate

information  that  is  meaningful  in  the context  of  the  model  within  which  measurement  is

undertaken.

 Measurement results are informational, and not empirical, entities.

 The measurability of a property conceptually depends on the current state of knowledge of the

property; therefore, it is not an ‘intrinsic characteristic’ of the property itself.

 The  measurability  of  a  property  in  practice  depends  on  the  availability  of  experimental

conditions; therefore it cannot be derived from formal requirements.

 In a measurement process there is a general qualitative trade-off between specificity and trust,

i.e.,  between  precision  and  accuracy;  both  aspects  depend  on  the  available  experimental

knowledge of the measurand.

 Objectivity and inter-subjectivity are desirable, but not necessary, features of measurement.

While it is highly plausible that the relativistic standpoint described so far has been triggered by

the  dominant  epistemological  relativism of  the  last  fifty  years  (see,  e.g.,  Feyerabend,  1975;

Hanson, 1958; Kuhn, 1970), it is questionable whether radical relativism (‘everything goes’, as

in Feyerabend’s paradigmatic statement) could be applied to measurement. If the neo-positivistic

concept of ‘protocol of truth’ can hardly be maintained today either in physical science or in

accounting  (Bierman,  1963),  measurement  has  however  critical  ties  to  truth  that  any

oversimplification such as ‘truth does not exist’ does not adequately express. On one hand, the

dependence  of  measurement  results  on  models  and  goals,  and  therefore  the  operative
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meaninglessness of the very concept of an ‘absolute’ true value for measurands, can be taken for

granted10. Furthermore, the fact that measurement results include some conventional information

can  be  easily  ascertained,  given  their  structure  of  references  to  (conventional,  indeed)

measurement units or scales. On the other hand, such references have an empirical grounding,

expressed  by  the  requirement  for  measurement  systems  to  be  calibrated  with  respect  to  a

measurement standard, i.e., be metrologically traceable to it. Hence, if measurement is defined as

the process performed by suitably calibrated measurement systems, and, thus, if such systems

and  their  calibration  are  in  their  turn  properly  characterized,  then  both  the  dependence  of

measurement results on models, i.e., their ‘intrinsic uncertainty’, and their foundational role of

‘truth  approximations’  can  be  justified.  According  to  this  position  of  pragmatic  moderate

relativism, the acknowledged pivotal role of measurement as information acquisition process can

be justified once again,  although on new bases: set  aside any metaphysical assumption,  it  is

precisely on the functional structure of the process that an epistemology of measurement can be

developed today. Measurement systems in both physical and social sciences should be designed

taking into account a principle common to all production processes: while quality of products –

in this case, measurement results – can be at least comparatively assessed and is the justifying

condition  to  perform  the  process,  the  trade-off  between  acceptable  quality  and  available

resources remains the most general criterion for ‘good’ measurement.

10  An excellent  example in this regard is  given by the introduction,  in  the third edition of  the International
Vocabulary  of  Metrology  (Joint  Committee  for  Guides  in  Metrology,  2008a),  of  the  concept  of  target
measurement uncertainty, defined as “measurement uncertainty specified as an upper limit and decided on the
basis of the intended use of measurement results”. These explicit references to ‘decisions’ and ‘intentions of use’
unambiguously highlight that  target  uncertainty is,  in fact,  a  pragmatic specification, namely, the epistemic
counterpart of tolerance, i.e., a parameter widely used in many industrial contexts to specify the ‘acceptable
technical quality’ of products.
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5. Implications for performance measurement

In the wake of the modern conception of science, Galileo argued that the world is written in

mathematical  terms.  As  a  consequence,  the  task  of  scientists  was  deemed  to  count  what  is

countable, measure what is measurable, and what is not measurable, make measurable. Over the

last twenty years, organizations have invested increasing amounts of resources in the design,

implementation,  and  use  of  performance  measurement  (PM)  systems  such  as  the  Balanced

Scorecard following a similar, albeit implicit, principle that measurement is a necessary activity

for  organizations  to  be  successful.  Also,  the  assumption  has  been  that  the  more  objective,

accurate  and  precise  the  measurement,  the  higher  its  impact  would  be  on  organizational

performance.  This paper argues against  this  standpoint,  and proposes an alternative position,

according to which measurement should aim to produce ‘adequate-to-purpose’, rather than ‘true’

results. Also, the endorsement of such position could help us improve both the theory and the

practice  of  performance  measurement,  thus  strengthening  the  link  between  PM  and

organizational performance, which several empirical studies are increasingly questioning (see

Franco et al., 2012 for a review). 

Since  the  beginning of  the  20th century, the  metaphysical  position  expressed  by Kepler  and

Galileo was challenged in a number of ways. As we have argued above, this  has led to the

establishment of two other perspectives on measurement – representational and relativistic –,

which reflect our greater understanding of the powers and limitations of measurement itself.

However, these  advancements  seem to  have  had little  impact  on PM research  and practice.

Indeed, PM practices are often driven by the (either implicit or explicit) belief expressed in the

initial  quote by Robert  Kaplan that measurement is a necessary condition for both decision-

making  and  improvement  (Garvin,  1993)  –  an  argument  which  is  aligned  to  the  outdated
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metaphysical paradigm. This is supported by evidence that, in recent years, organizations in both

private and public sectors have been investing increasing amounts of resources to obtain ‘true

descriptions’ of their performance through the use of PM systems (Micheli and Manzoni, 2010).

As several empirical studies have shown, however, the introduction of several PM initiatives in

both private and public sector organisations has often had little or no impact on either decision-

making or performance (see, e.g., Cavalluzzo and Ittner, 2004; Griffith and Neely, 2009; Poister,

2010).

From the analysis presented above we argue that PM suffers from the lack of solid theoretical

foundations:  a  more  rigorous  examination  of  the  epistemological  issues  of  measurement

processes could contribute not only to the development of PM from a conceptual standpoint, but

also to its practice. First of all, even though social scientists have referred to ‘physics envy’ (von

Hayek,  1989)  to  indicate  the  introduction  and use  of  approaches  developed  in  the  physical

science to study social phenomena, in the case of measurement the authors believe that, while

debates in physics and engineering could inform management theory and practice, they seem not

to  have  been  sufficiently  taken  into  account.  More  specifically,  from  an  epistemological

perspective, the main tenets of the pragmatic perspective, which is being developed within the

relativistic  standpoint,  should  inform  current  debates  in  PM;  also,  more  clarity  is  required

regarding the philosophical underpinnings of measurement in social sciences.

Secondly, it is important to remark that the process of measurement can relate, in principle, to

three types of objects: physical, which exist in space and time; ideal, which exist outside space

and time; and social, which have a beginning in time and are socially constructed (Ferraris, 2005;

Husserl,  1907;  Meinong,  1904).  Measurement  science  in  physics  and  engineering  has

traditionally  focused on physical  entities,  such as  phenomena,  bodies,  and  substances  (Joint
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Committee for Guides in Metrology, 2008a). PM is most often concerned with properties of

social objects (from stakeholders’ satisfaction to brand management, from intellectual capital to

patients’ experience), which are often complex and difficult to define and measure. Therefore, it

could  be  argued that  in  PM,  even  more  than  in  physical  sciences,  complete  empiricity  and

objectivity must be considered as goals and not as preliminary, i.e., necessary, conditions. PM

should be seen as an assignment, rather than an empirical determination; the relevant influence

of  implicit  and  explicit  models  acknowledged;  and  the  related  presence  of  errors  and

uncertainties  admitted and properly dealt  with.  Although tools  and techniques could become

more  sophisticated,  thus  reducing  errors  and uncertainties  in  measurement,  it  will  never  be

possible to reach absolute certainty on the value(s) to assign to what is being measured.

Thirdly, scholars have observed that performance in organizations is often reduced in its meaning

and scope to what is technically easier to measure of performance itself (Smith, 1995b), thus

following an apparently operational standpoint (Bridgman, 1927). The main implication is that a

performance indicator is often equaled to the simplest, and most easily measurable, aspect of the

activity  or  process  being  performed,  e.g.,  number  of  complaints  expressed  by employees  =

employees’  satisfaction;  impact  factor  of  publications  =  academic  standing.  This  issue  is

particularly relevant and problematic, if we consider the great difficulties encountered in – and,

frequently, the impossibility of carrying out – the measurement of properties of very complex

activities and processes. Unfortunately, the consequence is that in the social sciences what is

treated  as  important  is  what  happens  to  be  accessible  to  measurement  (von  Hayek,  1989).

Furthermore, this claim confirms that the ontological and the epistemological dimensions are

often conflated, thus reducing reality to what it is easy to access of reality itself.

Fourthly, to measure does not necessarily mean to associate empirical objects with numbers, but,
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more generally, with information entities (Mari, 2007). This distinction is particularly relevant

from a PM point of view, as the measurement of performance – both in practice and in theory –

is most frequently equaled to the mere association of numbers to empirical objects. This position

is problematic for two reasons. First of all, measurement is an evaluation performed by means of

a  measurement  system,  and  it  is  only  such  a  system  and  its  proper  setup  and  usage  that

guarantee,  up  to  a  degree  adequate  to  the  given  purposes,  the  objectivity  and  the  inter-

subjectivity  of  measurement  results.  Therefore,  it  is  not  the  assignment  of  numbers,  i.e.,

quantification,  but  the  adequacy  of  the  measurement  system  that  makes  an  evaluation  a

measurement.  Secondly, the  presumed  ‘inherent  objectivity’ of  numbers  often  leads  to  little

consideration  given  to  supposedly  ‘subjective’ qualitative  indicators,  in  favor  of  substantial

reliance on quantitative ‘measures’ of performance, which, in fact, may be equally problematic

and even less informative (Dossi and Patelli, 2010).

6. Towards a pragmatic view of performance measurement

In physical sciences and engineering the metaphysical paradigm has been largely superseded;

while the representational paradigm has not found a wide support plausibly because it is deemed

too an abstract approach (Mari, 2000), the role of models in measurement, and therefore the

relativistic  paradigm  moderated  by  the  pragmatic  instances  analyzed  above,  is  nowadays

explicitly emphasized.  The adoption of a pragmatic perspective in  PM research and practice

requires a re-conceptualization. First of all, the adoption of a model-based view, as opposed to a

truth-based  view,  has  substantial  implications  on  the  measurement  process  and  on  the

interpretation of its results. From a model-based point of view, measurement is regarded as a
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knowledge-based  process,  rather  than  a  purely  empirical  determination.  The  object  whose

property is measured is assumed to exist in the empirical world, but it is acknowledged that the

data collected about that object results from an interpretation process, i.e., an explicit or implicit

model  is  involved,  which  belongs  to  the  informational  realm.  As  a  consequence,  the

measurement procedure must be defined, and the object under measurement designed and set up

by considering the context and the goals for which the measurement itself is being undertaken.

This means that, for example, the reasons and purposes of introducing a performance indicator

should be made explicit and agreed before the indicator is used. Furthermore, particular care has

to be exerted when utilizing any data or information in a context other than that in which it was

meant, as this has substantial implications on the drivers, purposes and uses of PM (Behn, 2003;

Hatry, 1999). This is particularly significant in benchmarking exercises or compilation of league

tables in both private and public sector contexts (Ammons, 1999; Goldstein and Spiegelhalter,

1996).  Equally,  from a  model-based  point  of  view, it  would  be  nonsensical  to  state  that  a

performance indicator is either ‘good’ or ‘bad’ in absolute terms. Rather, on the bases of its goals

and  other  relevant  factors  (e.g.,  cost,  quality),  an  indicator  could  be  deemed  adequate  or

inadequate-to-purpose. For example, an indicator that considers the average time an organization

spends to produce a quote might be appropriate to monitor the organization’s responsiveness to

customers. This does not equate to saying that the average difference between date of verbal

confirmation of receipt of quote by customers and the date of first contact by customers is the

‘right  measure’  for  responsiveness  to  customers.  In  fact,  the  calculation  of  variance  in

performance could also be informative.  However, a simple average might be appropriate for

monitoring  purposes,  whereas  richer  information  would  be  necessary  to  support  process

improvement.
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Aims such as those of accuracy, repeatability and objectivity  in measurement  emphasize the

necessity to define the properties being measured, and to question and consider the influence of

the measurer, and more generally the environment, on the measurement results. Although most

organizations utilize measures of ‘absenteeism’, for example, the ways in which such property is

effectively defined and measured can substantially vary (Hausknecht et al.,  2008). Moreover,

information on absenteeism would be influenced by the person undertaking the measurement,

i.e.,  differences  in  responses  are  likely  to  emerge  if  measurement  is  performed  either  by

management  or  by  an  independent  agency.  Reasons  for  measurement  (e.g.,  understanding

reasons  for  absence,  launching  a  new  program  to  motivate  employees,  or  simply  reducing

absenteeism) would also influence how measurement is undertaken, how results are analyzed

and communicated, and which subsequent management actions might follow. For example, if

management mainly wants to understand reasons for absence, then it could start by gathering and

analyzing data at both individual and unit-level; subsequently it could collect good quality data

not only on employee satisfaction and commitment, but also over potential job alternatives in the

areas in which it operates;11 such datasets would then have to be reviewed in conjunction at board

level,  at  least  initially. If,  instead,  management  wants  to  reduce  absenteeism, it  could  target

specific units where absenteeism has traditionally been high; link data over absence to current

initiatives  over  job enrichment  and rewards,  for  example;  and review the  data  with specific

individuals during their performance appraisals (see also, Hausknecht et al., 2008). 

The  relevance  and  unavoidability  of  interpretive  models  in  the  measurement  process  also

highlight the importance of surfacing mental models in the design and use of PM systems. If

11 In areas with low unemployment workers tend to be less concerned about absence from work, especially when
they do not feel committed and/or are dissatisfied with their organizations (Hausknecht et al., 2008; Larson and
Fukami, 1985; Markham, 1985).
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mental  models  are  considered  as  “deeply  ingrained  assumptions,  generalizations,  or  even

pictures or images that influence how we understand the world and how we take action” (Senge,

2006; p. 8), it is clear how PM could be both influenced by, and used as a way to challenge,

mental models (see, e.g., Hall, 2011). This is particularly relevant, since long-term success often

depends on the process through which management teams modify and improve the shared mental

models of their  organizations,  their  markets,  and their  competitors (Argyris,  1977; De Geus,

1999; Senge, 2006).

The consideration of the epistemic role of the measurer also has significant consequences in

relation to organizational learning and review of PM systems. As Bohm (1980; p. 23) argued,

“the attempt to suppose that measures exist prior to man and independently of him leads [...] to

the  ‘objectification’  of  man’s  insight,  so  that  it  becomes  rigidified  and  unable  to  change,

eventually bringing about fragmentation and general confusion”.  If  confusion exists  between

measured  properties  and  measurement  results,  in  such  a  way  that  measurement  is  seen  as

capturing  the  essence  of  objects,  PM  systems  will  inevitably  be  static.  Research  has

demonstrated  how  the  use  of  excessively  rigid  PM  systems  could  lead  to  organizational

paralysis,  or  ‘ossification’  (Smith,  1995b;  Townley  et  al.,  2003).  Indeed,  after  investing

substantial resources to design and implement large sets of performance indicators, organizations

often decide not to modify them, also because they are perceived as ‘perfect representations’ of

performance. On the contrary, only by analyzing the data gathered through the system and, in

particular, reformulating the PM system itself, can organizations improve their performance.

Such  an  improvement  could  only  be  achieved  if  single  and  double  loops  of  learning  are

generated.  Indeed,  “double-loop  changes  cannot  occur  without  unfreezing  the  models  of

organizational structures and processes now in good currency” (Argyris, 1992; p. 11). Therefore,

25



reviews of PM systems must happen through an in-depth comparison between what is measured

of the activities performed, and which activities really occur, since measurement is related to the

knowledge about the state of an object, rather than the knowledge about the object ‘in itself’.

Consequently, reviews could be used to challenge not only the current PM system, but also the

organization’s  strategy  and  its  implementation  (on  the  roles  of  PM  systems  in  strategy

formulation and implementation see, for example, Chenhall, 2005; Gimbert et al., 2010; Simons,

1990).

Replacing, or at least complementing, the criterion of truth with a criterion of adequacy implies

that  cost  and  quality  of  measurement  should  be  considered  relevant  components  of  the

measurement process, and, therefore, assessed both before and after measurement takes place. As

a consequence, the introduction of PM systems must be considered as an investment from which

to expect a certain return, rather than either an inherently fruitful use of resources (Kaplan and

Norton, 1992) or a ‘necessary evil’ (Brignall and Modell, 2000). Error / uncertainty should be

considered  in  relation  to  the  empirical  ability  of  obtaining  appropriate  information  on  the

intended  property:  hence,  specificity  and  trust  also  become  essential  features  of  PM,  as

performance  could  be  measured  with  great  accuracy,  but  precision  can  be  misleading,  as

indicators can be precisely wrong (Mari, 2007).

As the etymology of “measurement” suggests, PM systems should be proportionate, i.e., they

should  consist  of  an  adequate  number  of  indicators,  which  can  inform  decision-making

processes, rather than aim at providing ‘complete and true representations’ of performance.

Finally, the focus of measurement should shift from what is measurable, which is a prevalently

epistemological  act,  to  the  objects  that  we  want  to  measure,  i.e.,  the  actual  organizational

processes and activities being performed. Moreover, indicators should not be considered as exact
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pictures of reality or as unveiling presumed truths. On the contrary, they ought to be used as

ways to gather information about organizational performance that is as adequate as possible.

Several  authors  have  suggested  ways  to  tackle  the  inherent  incompleteness  of  PM  systems

(Chapman, 1997; Lillis, 2002; Wouters and Wilderom, 2008). Although more appropriate designs

and  implementations  could  certainly  contribute  to  this  aim,  it  is  also  important  to  fully

acknowledge the limitations of measurement. In particular, when measuring performance the last

word has to go to the object being measured, and not to the subject; as subjects we have to

continuously  confront  ourselves  with  the  object  and not  vice  versa  (Ferraris,  2005).  This  is

especially relevant in the context of performance reviews, in which clarity must exist between

the content of the review and the process of reviewing performance (Martinez et al., 2010), and

data should be interpreted without excessive trust in numbers (Lenz and Lyles, 1985; Williams et

al., 1994). 

This paper has built on principles and techniques developed in measurement science to improve

the theory and practice of performance measurement in organizations. The implications of the

proposed pragmatic standpoint are many, ranging from the definition of measurement processes

and the attributes  of  ‘good’ measurement,  to  the use of  measurement  results.  Although it  is

acknowledged that great advancements in both theory and practice are certainly possible, they

would have to go beyond ‘more and more precise measurement’.
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