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a b s t r a c t

In the interests of fostering an inter-disciplinary dialogue, increasing collaboration
between ‘‘hard’’ and ‘‘soft’’ measurement scientists, and learning from one another, the
paper develops an analytical discussion of common elements between metrology and
psychometrics. A simple example of physical measurement is introduced according to
the conceptualization and terminology of the International Vocabulary of Metrology (VIM),
and then its structural analogy to a test using Guttman items is shown. On this ground
the example is generalized so to include a probabilistic component, and this leads to the
basic Rasch model. Some notes on the delicate issue of measurement validity conclude
the paper, whose aim, in the long run, is a measurement-related shared concept system,
and a terminology understandable in both physical and social sciences.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Measurement science is a good context in which to con-
sider, once again, the asymmetric relations between the nat-
ural and social sciences. The impressive effectiveness of their
methods and instruments seems a sufficient reason for phys-
icists, chemists, engineers, etc. to follow their path and be lar-
gely uninterested in developments in the measurement of
non-physical properties. On the other hand, even though in
many aspects emancipated from ‘‘physics envy’’, it is not unu-
sual for social sciences to take physical measurement as a ref-
erence, and possibly a target point, given ‘‘their propensity to

imitate as closely as possible the procedures of the brilliantly
successful physical sciences’’ [1].

The fact that sensors implementing physical effects, the
core components of physical measurement instrumenta-
tion, cannot be exploited for non-physical properties has
discouraged passive imitation, and this has (at least in part)
led to the development of different theories, methods, and
instruments in the area of social measurement. The two
disciplines grew up along parallel routes, sometimes
approaching each other – a significant example is Finkel-
stein’s endeavor to import representational theories in
physical measurement – but also sometimes with clashes,
as in the well known case of the committee activated by
the British Association for the Advancement of Science in
the 1930s (extensively discussed in [2]; a more concise
analysis is in [3]), which produced, among other effects,
the predominance of operationalism in psychological
measurement for much of the 20th century, as well as
Stevens’ theory of scale types [4].

In the mentioned asymmetric situation, it may be inter-
esting to continue exploring the contributions that social
measurement has to offer to physical measurement. An
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excellent context in which to pursue this goal is so-called
Rasch measurement, an approach to measurement devel-
oped within the social sciences that posits that the mathe-
matical model of measurement is such that:

1. The result of the experimental stage of measurement,
i.e., the indication, is given in probabilistic, instead of
deterministic, terms.

2. Measurands can be meaningfully compared by their
ratio.

It is surely not a new subject and of which several intro-
ductory texts exist. However, these texts, and the scientific
papers describing this approach to social measurement,
are, in general, not always easily readable by physical mea-
surement researchers and practitioners. There are at least
two reasons of this difficulty:

� The emphasis in these texts on measurability specified
in terms of algebraic conditions, whereas physical mea-
surement is a moving target on this matter (for example
ordinal measurement is routinely accepted nowadays).2

� Some critical differences in the presentation of basic
concepts and the related terms, so that for example
‘‘latent trait’’ (or ‘‘latent variable’’) and ‘‘manifest obser-
vation’’ are sometimes used in social measurement for
‘‘measurand’’ and ‘‘indication’’ respectively.

Even the expression ‘‘Rasch measurement’’ sounds pe-
culiar in metrology, where names are typically given to
measurement principles (e.g., Peltier effect) and measuring
instruments (e.g., Bourdon pressure gauge), and ‘‘x mea-
surement’’ is reserved to x = given quantity, as in ‘‘force
measurement’’. Apart from historical reasons, a possible
justification of the expression ‘‘Rasch measurement’’ is that
it can be thought of as referring to a combination of a mea-
surement method and some assumptions on the underlying
measurement principle. For this reason we will adopt here
the more appropriate ‘‘Rasch measurement models’’, or
the simpler ‘‘Rasch models’’. But are Rasch models actually
measurement models? In the last part of the paper this del-
icate question is considered.

While we do not necessarily expect that Rasch
measurement models would be immediately useful for
physical measurement, a common, well founded under-
standing on them might foster more fruitful relationships
between physical and social measurement, towards a

desirable shared concept system and related terminology.
This is the underlying purpose of the present paper, which
introduces the basics of Rasch models by systematically
interpreting them in the conceptual and lexical framework
of the International Vocabulary of Metrology, third edition
(VIM) [7], a freely accessible document that may be con-
sulted in parallel to this paper (the first occurrence of
terms taken from the VIM is in italics, so to ease the search
of the corresponding definitions in the VIM).

The paper can be read as an interdisciplinary explora-
tion of the concept of (mathematical) measurement model
– ‘‘mathematical relation among all quantities known to
be involved in a measurement’’ according to the VIM – par-
ticularly when specialized as a measurement function, i.e.,
the function that formalizes the (inverse) behavior of the
sensor at the core of the measuring instrument, and that
produces measured quantity values when applied to indica-
tion values and possibly values of other quantities such as
corrections and influence quantities. The fact that this is a
purely structural characterization makes it applicable in
principle to both physical and social instruments: Rasch
models are indeed measurement models in this sense,
where typically indications are outcomes of tests (e.g., in
the form of number of correct answers) and measurands
are properties such as attitudes, abilities, . . . of individuals.
A whole family of models is termed after Rasch, all sharing
this basic structure. In Section 4 the simplest of them will
be presented. A by-product of the paper is then to show
that a significant case of measurement in social sciences
can be effectively spelled out in metrological terms. An
admittedly simple, and somehow artificial, example of
physical measurement will guide us to recognize the anal-
ogies between physical transducers and tests, as they can
be understood as measuring instruments of Rasch models
and psychometrics in general (to emphasize such analogies
the symbols will be maintained to be consistent in the two
cases, thus departing from the accustomed symbols in
Rasch models). The conclusions drawn from this compari-
son will be devoted to the validation of measurand
definitions/models, an issue that physical and social mea-
surement usually approach with different strategies.

Our hope is that from what follows natural scientists
and engineers may learn something of Rasch models, as a
specifically relevant case of social measurement, and social
scientists may re-interpret something of their knowledge
of measurement in the light of the current physical mea-
surement models.

2. Example 1: Hookean springs and Boolean springs

With the aim of measuring a given force f, a spring can
be exploited as an indicating measuring instrument, and
specifically as a sensor, which is supposed to behave
according to a transduction function (sometimes also
called ‘‘observation function’’) specified by Hooke’s law:

x ¼ f
k

ð1Þ

i.e., the measurement principle is that a force f applied to a
spring of elastic constant k generates an elongation x in the

2 An interesting example concerns the possible requirement that the
scale is continuous, or at least its elements are dense (i.e., isomorphic to
rational numbers), that in Holder’s axioms is expressed as ‘‘For every
magnitude there exists one that is less’’ (and note that Holder himself
presents his aim in this way: ‘‘I intend only to propose a simple system of
axioms from which the properties of the ordinary continuum of magnitudes
can be derived.’’ – emphasis added) [5]. This implies that counting cannot
be a type of measuring and that discrete properties are not measurable.
According to Michell [2], ‘‘we have no good reason to suppose that
measurable quantities are not continuous.’’ This is in stark contrast to the
views of many scientists. Consider, for example, the following quotation
from Richard Cox, working from a different tradition: ‘‘reflection suggests,
indeed, that the only perfectly precise measurement is counting and that
the only quantities defined perfectly are those defined in terms of whole
numbers’’ [6].

316 L. Mari, M. Wilson / Measurement 51 (2014) 315–327



Download English Version:

https://daneshyari.com/en/article/7125466

Download Persian Version:

https://daneshyari.com/article/7125466

Daneshyari.com

https://daneshyari.com/en/article/7125466
https://daneshyari.com/article/7125466
https://daneshyari.com

