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Chapter 1

Introduction

Texts on measurement tend to begin with something like this: ”measurement
is of crucial importance in sciences.” Indeed, it would be hard to deny, let
alone that scientists usually highly esteemmeasurement themselves. William
Thomson, also known as Lord Kelvin put once: ”if you cannot measure, your
knowledge is meager and unsatisfactory.”1 However, there has been a long
lasting controversy on what it means to be able to measure.

While many theorists and practitioners regard the issues of measurement
by and large trivial or well-understood, others cannot reach an agreement
on the very concept of it. What few would question is that measurement
is a kind of ”interface” or ”mediator” between theories and direct sensual
experience.2 But beyond this point measurement concepts diverge. Some
define it as the estimation of a ratio of a magnitude of a given quantity and an
arbitrary unit of the same quantity.3 Others maintain that when we measure
we assign numbers to objects according to rules.4 Some define measurement
”as a comparison to a generally accepted standard.”5 Still others insist that
we do not need a stiff definition. One recognizes measurement once she got
acquainted with the large family of representations which qualify as such.6

Though in this text I will provide a detailed conceptual analysis of mea-
surement, I do not devote myself to a dedicated definition either. I would

1Cited in Kuhn, 1961, p. 161.
2Margenau, 1959.
3Maxwell, 1890, Michell, 2007.
4Campbell, 1920, Stevens, 1946, Narens, 2007.
5“What is the Fastest Event (Shortest Time Duration) That Can Be Measured with Today’s

Technology, and How Is This Done?” 2004.
6Krantz et al., 1971.
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only like to make one thing clear at the beginning: along with Thomas Kuhn,
I would refrain myself to call ”any unambiguous scientific experiment or
observation”7 as measurement. We gain nothing by so dissolving the no-
tion. To say the least, measurement involves relations, ratios, numbers or
structures. Thus, to my view, to detect foaming in a test-tube after mixing
hydrogen peroxide with yeast or to observe frog legs to jerk in a circuit is not
what we should call measurement. But let it: we can order the number one
for a jerking leg and zero for a non-jerking one, and now we have arrived
at something like a scale. Even so, it is just a quite trivial case with limited
interest. An inquiry into more subtle structures of measurement may bear
further morals.

I take on the task of a critical survey on the existing measurement theories
in this study, being convinced that that this is an important but not overworn
topic for the philosophy of science. We will see—to put it soundingly and in-
accurately—that the different concepts of measurement differ in their stance
on the measurement of concepts. That is, broadly, they disagree on what to
quantify and how. I cannot offer a decisive judgment on these controversies,
my pledges are more modest. I will reconstruct measurement theories to
clearly exhibit their interrelations, and while exploring them, I will highlight
and comment the points which I find to be of special philosophical interest.
Further, I will also catch a glimpse of measurement at work in sociology.
It is always worth putting methodology against practice, and the choice is
somewhat justified by my limited past experience as a researcher in sociol-
ogy. Finally, I will provide some reasons for taking a constructive approach
towards measurement—and epistemology in general.

This text is structured as follows. Chapter 2 on page 11 gives an overview
of the early representationalist theories of measurement. Far beyond mere
historical interest, this part presents an a introduction to the main measure-
ment theoretical problems, and also to their conceptual background. Chapter
4 on page 51 highlights a rival (at times insurgent) approach: operationalism.
It will be revealed that operationalism cannot be regarded as a monolithic
view as it exists in different flavors, and it is even troublesome to unfold it as
a systematic standpoint. In addition, this section provides some insight into
the issues of physicalism, and also those of invariance and meaningfulness.

The axiomatic approach, introduced in chapter 5 on page 73, can be
regarded as a kind of synthesis. This monumental foundationalist project
develops a clear and sophisticated notion of representation, and it is also keen

7Kuhn, 1961, p. 162.
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on structures featuring the different measurement operations. In spite of
its significant intellectual achievements, axiomatic representational theories
never made the historic breakthrough that they should have—it is widely
held. Some of the reasons are observed in chapter 6 on page 91. The next
chapter (chapter 7 on page 101) devotes itself to the study of the ubiquitous
uncertainties surrounding measurement procedures, with special regard to
operational definitions and errors.

Chapter 8 on page 117 pays attention to the measurement procedures in
the practice of sociology. On the one hand, this section serves as an illustra-
tion for the good old intractable difficulties of extending any measurement
concept to the realm of social sciences, on the other, it reveals problems which
are quite idiosyncratic in sociology.

Chapter 3 on page 39 and chapter 9 on page 127 stand out somewhat
from the general epistemological-methodological approach of this study by
their semantical-metaphysical nature. However, I think, the problem of
realism naturally arises in a sufficiently deep analysis of measurement. At
this point I do not veil my antirealist inclinations. Nevertheless I admit
that, though self-contained and hopefully coherent, this text can be regarded
as a snapshot of an ongoing project. Working out the detailed bases of a
constructive measurement theory would be the main direction for carrying
on the investigations.

9
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Chapter 2

The Empiricist Concept of
Measurement

It is a major concern of the empiricist8 that quantitative concepts are essential
to sciences.9 Other types of concepts, though also useful (or even indispens-
able), have less merits. Qualitative concepts, for one, assign properties to
objects, or more exactly, assign objects to classes, but remain silent about
everything else, e.g. cannot tell anything about the degree of part-taking.
Debbie is a witch, Debbie belongs to the class of witches. Comparative con-
cepts get farther: they can grab some relations between certain objects with
regard to certain properties. Debbie is more wicked than me, Debbie’s nose
is harder (and more magnetizable) than mine. But they do not provide room
for the degree of differences.

Quantitative concepts allows to describe the properties or relations of
objects in numerical terms. One can measure the length of Debbie’s nose, the
length of my nose and she can even compare the two values and determine
their difference. Quantitative concepts have a ”higher status” than those of
classifying or relating concepts in that they make a sharper description of
the world possible. In fact, they are the ones of real interest for scientific

8I will refer to the early representational measurement theories as the empiricist ones, as
they lay stress on the empirical rules of measurement, while the later representationalists,
as we will see, focused on structures.

9Carnap, 1966.
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inquiry, and a major goal of every scientific theory is to define the qualitative
concepts sufficient for empirical confirmation.10

The appropriate empirical observations are realized, to a large extend, via
measurement. The purpose of measurement is to provide the quantitative
concepts, i.e. certain magnitudes, with numerical values. Generally speak-
ing, measurement assigns numbers to properties of objects or subjects of study.11

Of course, ordering numbers to concepts requires certain rules—and may
require different rules depending on the given measurement procedures.

2.1 Counting

Counting, maybe the simplest of measurement procedures,12 is nothing more
than the assignment of integers to objects, or, to be more precise, the assign-
ment of non-negative integers. It may not be trivial for everyone that we can
count zero of something, but this assumption is rather fruitful, and anyway,
it is indeed a fact that we are able and willing to express thoughts like ”there
are no witches in the room.”

So, with counting we assign natural numbers to series of events or classes
objects, thus we determine the cardinality of the given (typically rather small)
class. Carnap (1966) argues that event series are at the very foundation
of counting procedure, namely, the series of pointing events (even if adult
human counters do not need pointing in most of the cases anymore). When
we count, we establish one-to-one correspondence between the pointing
events and the counted objects, that is, a bijection between a class of events
and a class of objects.13

10This classification of concepts is not at all pertinent and black and white. For instance,
one can make the nagging note that by judging that this rod is one meter long one is just
saying that this rod belongs to the class of objects of one meter (Kyburg, 1984).

11One may find this definition to narrow, and insist that we should not exclude mathe-
matical objects other than numbers. Likewise, somebody else could say that this throwaway
definition is to wide, as we are prone to assign numbers to, say, washing machine programs,
which hardly qualifies as measurement. I will address these points later.

12Though we may refrain from calling counting measurement in an everyday sense, we
have good reasons to do so still. Counting usually fits in well with the theoretical accounts
of measurement —and also practice.

13We may say that when counting zero, we do not establish correspondence between
classes, i.e. between our lack of pointing and the empty class. Maybe we would rather put
that this way: ”given a class A so that x is in A if and only if x is a witch and x is in the room,
A is empty.”

12



Other series of events different from pointing acts are also suitable, of
course. Finger counting, often regarded as the base of human number con-
cept,14 finds correspondence between objects and displayed fingers. Enu-
merating the number names, either aloud or silently, also suits as a class of
events to correspond to another given class of objects or events. Automa-
tized counting mechanisms in computer systems, aptly called counters, also
relate one event class (the increment of the counter) to another (the realized
instance of the observed event type, e.g. the transfer of a specific package).

What is important to stress here is that by counting conceived in the
above sense we do not assign numbers to (individual) objects, but to groups
(classes) of objects (where a ”group” may even happen to contain one or
none of the objects). When counting a soccer team we do not give number
one to the goalkeeper, number two to the first back and so on up to the
eleventh team member, but we assign the number 11 to the whole team,
that is, to the class of all teammates on field. Independently of this, we may
assign numbers to the team members and write them on their jerseys, but this
procedure clearly does not count as counting. Though it may sound trivial,
this is a crucial issue in the use of numbers as we will see when discussing
the theory of measurement levels.

2.2 Numbers, Numerals, Quantities, Magnitudes,
Order

No doubt, few would regard counting the cardinality of classes in itself as a
genuine measurement procedure in an everyday sense. A next step towards
a more sophisticated measurement concept is the establishment of orders.
Our past counting acts (as series of events) do exhibit an ordering, namely,
they can be ordered by the numbers of the occurrences of pointing gestures.15

Surely, human memory is not a reliable tool to compare these past acts,
we need some permanent representation. To record the different ”rounds”

14See e.g. Csatári, 2008, also for further references (in Hungarian).
15The reader may rightly complain about a faint sense of circularity here. If we measure

by pointing gestures, how we are to assess the numerical differences between the groups
of pointing gestures? By further rounds of pointing gestures? As it is usual with the
foundation issues, no easy answer can be given here. A possible way out would be to
some reference to the ideal or a priori ”numbers”; another some account on a dense, self-
strengthening network of cross-corresponding physical and mental acts. But I will leave a
detailed discussion of the issue pending here.
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of pointing acts, we can use, say, tally marks, i.e., streaks made on a paper
or on the door-post of the local pub (though this latter may imply some
inconveniences). If we compare these rows of tally marks, we find that their
different groups can be linearly ordered naturally, i.e., formally speaking,
there is a relation R so that if a and b are tally mark groups, the following
applies:

(i) aRb or bRa,

(ii) If aRb and bRa then a = b,

(iii) If aRb and bRc then aRc.

In other words, relation R is (i) total, (ii) antisymmetric and (iii) transitive.
Tally mark groups can be regarded as genuine numerals. In turn, numer-

als are nothing else that the physical representation of numbers (and let us
stick to the integers for the time being), by convention. In turn, numbers may
be classes of classes, or sets constructed by specific rules or like—it is not so
important for us in this context which. One may find that tally marks, as
conventional symbols, still bear some strains related to the empirical process
of counting, but as we proceed towards the more abstract graphical represen-
tations—historically this transition is gradual—so would the conventional
character of these symbols become obvious.

The British physicist and philosopher, Norman Robert Campbell, one of
themost prominent figures of the early representationalmeasurement theory,
usually talks about numerals in the context of measurement; according to
him measurement is ”the assignment of numerals to represent properties”
(Campbell, 1920).16 The order of numerals is an ”artificial” order, since the
order of the graphical symbols for representing numbers is based on mere
convention (the systematic rules for creating new numerals from the symbol
kit are also conventional). But natural orders are abundant wherever we
look, and, what is more, underlie conventional orders:

...[O]rder may also arise, not from an arbitrary convention, but
from real properties of the things ordered; and it is of course

16Campbell defined measurement several ways. Karel Berka compiled the following
further definitions of him (Berka, 1983, p.21): (measurement is) ”the process of assigning
numbers to represent qualities,” ”the assignment of numerals to represent properties ac-
cording to scientific laws,” ”the assignment of numerals to things so as to represent facts or
conventions about them.”

14



the existence of this real order which has led to the invention of
arbitrary orders to denote the things characterised by it. (ibid., p.
270)

For instance, the row of the houses in my street, a train’s progress for A to B,
the vertical change in the density of the atmosphere exhibit natural orders.
According to Campbell, the order of numbers (or as he puts: ”Numbers”),
conceived as classes of classes, is also natural, not the least because they
are to be regarded as a genuine physical quantity: ”number, the physical
property, is represented by numerals in just the same definite way as weight
is represented” (ibid., p. 296). Traditionally, such orders are often denoted
by numerals, however, numerals are also often given roles where no relevant
order is involved: e.g. in the case of football players, registration numbers
or lottery.

Now what is the order these natural phenomena exhibit? Campbell (ibid.,
p. 270) maintains that they are ordered by a transitive and asymmetrical
relation. For such a relation we should take our above transitivity rule (iii)
together with the following:

(iv) If aRb then not bRa.

Now, it is clear that the above order of numerals is of a different kind. The
reason is that equality is not yet accounted for in this setup. This immediately
brings us to the question: how should we, then, assign numerals to objects
(properties)?

We can go the following way. We can assign different numerals to the
same entity, iff17 the following holds for numerals a and b: aRb and bRa. It
is intuitively clear that we can assign numerals which are different physical
representations of the same number to the same thing. To put it in other way,
we can define a partition on the class of numerals through its equivalence
classes. The so-gained class has an ordering analogue to Campbell’s natural
order, plus the totality requirement, (i). A possible ”ideology” behind adding
totality is to restrict the class of natural orders to a given quantity. However,
whether these structures will be analogue in every essential respect, is an
important question. It will be discussed in great length below accordingly.

The above characterization of quantity is not universally held. For in-
stance, according to Russell (1903) the definitive difference between quantity
and magnitude can be seen as follows:

17Following the ubiquitous practice, I use ”iff” as an abbreviation of ”if and only if” here
and in what follows.
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There are a certain pair of indefinable relations, called greater
and less; these relations are asymmetrical and transitive, and are
inconsistent the one with the other. Each is the converse of the
other, in the sense that, whenever the one holds between A and
B, the other holds between B and A. The terms which are capable
of these relations are magnitudes. Every magnitude has a certain
peculiar relation to some concept, expressed by saying that it is
a magnitude of that concept. Two magnitudes which have this
relation to the same concept are said to be of the same kind;
to be of the same kind is the necessary and sufficient condition
for the relations of greater and less. When a magnitude can be
particularized by temporal, spatial, or spatio-temporal position,
or when, being a relation, it can be particularized by taking into
a consideration a pair of terms between which it holds, then the
magnitude so particularized is called a quantity. Two magnitudes
of the same kind can never be particularized by exactly the same
specifications. Two quantities which result from particularizing
the same magnitude are said to be equal. (Russell, 1903, p. 167)

It follows that two magnitudes can never be equal; what can be equal is their
particularization, quantity. That makes the discussion on measurement a
bit circuitous. That is why I am rather adopting Michell’s (2007) approach:
a quantity is a class of all magnitudes of a certain kind, i.e. a magnitude
is an instance of a quantity. Nevertheless, we can still regard magnitudes
as unique (as some ideal entities) if we like by saying that two individual
properties are of the same magnitude when we measure equality. Contrarily,
we can likewise say that two magnitudes are equal. As it is just a matter
of ways of speaking basically, I will only be strict in this respect where it is
really necessary.

According to Campbell, natural order features all that is measurable. By
systematically putting objects in the two pans of a balance scale we can
determine their natural order with respect to their weights. On the other
hand, the shape of the measured objects are not a property exhibiting natural
order (we cannot say seriously that a box is more of a sphere than a pyramid),
thus cannot be an object for measurement. Campbell (1920, p. 272) gives
the example of color as an immeasurable property. True, colors can be
traced back to the frequency, intensity and combination of light waves, i.e.,
to measurable quantities. Thought this strong theoretical armature results in
(some esoteric combinations of) numbers, they do not exhibit a natural order.

16



We may talk about things that are redder than others, but on the one hand
we are not ready to assess whether a green or a blue shirt is ”redder,” and,
on the other, we may also be perplexed to decide which of two red shirts is
redder. According to Russell (1903, p. 171) here we are not dealing with the
relation of greater or less, but that of resemblance.

A borderline case often mentioned by Campbell is hardness. Mohs’ scale
of hardness exhibits an order of minerals by the possibilities of scratching one
with the other. If mineral a scratches mineral b then mineral a is harder then
mineral b. Whenfinding that in the above case b cannot scratch a, and, further,
having a mineral c so that it if it scratches a then it also scratches b, then we
have standard scale for the hardness of minerals.18 Now the problem is, that
this empirical requirement does not hold in each case. Further, if it held,
we would have an order only without any units to determine differences
(or distances) in hardness—a clear expectation for a measurable quantity as
described in the next section.

2.3 Extensive Measurement

A large scale of measurable concepts, i.e. quantities, can be described as
”extensive.” For instance, length, mass or speed are regarded as extensive
quantities. Let us begin the characterization of extensive quantities by taking
a look at the rules for their measuring procedures19 (or, to be more precise,
those for measuring the respective magnitudes). Concerning the extensive
magnitudes, Carnap (1966, p. 63) introduces first the case of equality, a
concept we missed so far:

(i) If EM(a, b) then M(a) = M(b).

This rule suggests that whenever we have an empirical procedure E by which
we can establish equality between two object a and b in respect of some of
their properties, then the value of the respective magnitude M will be the
same for both objects. Putting two weights in the different pans of the balance
scale, if we cannot realize any bias, the two objects have the same weight.

18Another method for measuring hardness is Brinell’s test. Here we measure the pene-
tration of ball of given diameter made of a given material, pushed with a given mass. It can
be argued, that this method measures a different property than does Mohs’.

19These rules have been living in many forms and wordings. Here I will follow Carnap
(1966) because of his explicit treatment of empirical procedures as markedly distinct from
mathematical manipulations.
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The second rule introduces additivity. Whenever two objects are com-
bined in a specific way, their values in a given quantity is summed up, i.e.,
the resulting value of the given magnitude is the arithmetical sum of the
values of the two original magnitudes. Given a rod a with a length l(a), and
given another rod b with the length l(b), if we put them together end to end
by a straight line, the length of the ”new” object, l(c) will be the sum of the fist
two: l(c) = l(a)+ l(b). Similarly, if we measure objects d and e on a spring scale
resulting in weights w(e) and w(d) respectively, when putting them together
on the scale we will get a value w( f ) = w(d) + w(e).

The above examples suggest that the legitimate ways of combination is
highly different for the different measured magnitudes of objects. In case
of weights, we require the objects of measurement to hold a specific spatial
position, in particular, to be in the samepanof the same scalewhen combined.
In the case of length, we need a straight line (a geodesic) to talk about a
proper combination. Of course, it is easy to see that having two adjoining
line segments (a, b) and (b, c) with an angle other than 180 degrees at their
meeting point b, we will have a triangle (a, b, c) and thus the hypotenuse will
be shorter than the two legs taken together.

The appropriate way of combining objects to abide the rule of additivity
regarding a given quantity is called concatenation. In the literature, the symbol
◦ is often used for denoting the empirical procedure of concatenation, and I
will follow this convention here.

Thus, our second rule can be stated formally as:

(ii) M(a ◦ b) = M(a) +M(b).

The third rule is the unit rule. The rule states, that in case of an extensive
quantity it is assured that any two (finite) differences of the given magnitudes
can be compared. For this, it is enough to specify the empirical conditions
ED for regarding two differences of a given quantity M as equal:

(iii) If EDM(a, b, c, d) then M(a) −M(b) = M(c) −M(d).

The rule can be aligned with by establishing a unit. Having a large set of
weights, we may chose one of them as a unit. It is worth calculating with the
typical ”size” of the differences we are about to measure, and choose the unit
so to be significantly smaller than that. Then, laying the measurable weights
(a and b) in the two pans of a balance scale, we can count how many copies of
the unit weight have to be placed in the upper pan (thus we use the relevant

18



concatenation operation) to reach a balance between the pans again. Then
we can take other measurable pairs (c and d) and so on. Finding, then, that
we place equally many copies of the unit weight in different cases, we can
regard the empirical condition (iii) fulfilled.

The establishment of a unit is done in practice either by a standard pro-
totype, or by reducing it to some known phenomena of stable behavior usu-
ally described by already established measurement procedures of different
kinds. For instance, the unit of mass20 is specified by a standard prototype, a
platinum-iridium cylinder stored at the International Bureau of Weights and
Measures in Paris. Some decades ago, the unit of length was also specified
by a similar object stored at the same place: a platinum-iridium bar, whose
length was regarded as 1 meter at the melting point of ice. But nowadays,
the definition goes like this: ”the metre is the length of the path travelled
by light in vacuum during a time interval of 1/299 792 458 of a second” (SI
brochure 2006, p. 112). In turn, the recent definition of a second is the fol-
lowing: ”the duration of 9192631770 periods of the radiation corresponding
to the transition between the two hyperfine levels of the ground state of the
caesium 133 atom” (ibid., p. 113).

The examples above suggest that defining a unit is not a trivial task. When
using prototypes, the following problems arise. The étalon object’s properties
may change in different circumstances. For this reason, it is regarded as stan-
dard only in specific conditions, e.g., the meter bar is regarded ”calibrated”
at 0◦C. Nevertheless it is hard to be sure that one can take all of the relevant
factors into account, even just in principle. That is why we do not even state
that various electromagnetic forces or natural background radiation do not
have their effect, we only regard them as negligible at normal circumstances.

Another problem is the portability of the prototype unit. Of course, it
is not possible to move along the prototype object from one measurement
site to another. We must make replicas. But these copies cannot be identical
with the prototype in every respect, and, equally important, the standard
conditions cannot be maintained anymore outside isolation.

The method of measuring stable phenomena (as the propagation of light
in vacuum, or the behavior of caesium 133) seems to solve the problem of

20I have not mentioned the measurement of mass yet, I have always been talking about
weights. But, of course, under given circumstances, measuring weight can be the base of
that of mass.
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portability.21 Unit defining procedures can always be performed at any place,
at least in principle. In reality, these are highly sophisticated measurements
themselves, requiring a good deal of well-calibrated equipment—and at this
point we are back at something very similar to the problem of portability
of prototypes. And what is equally important, these unit definitions often
involve the use of already established units of different kinds, thus export
the load of standardization to the realm of other quantities.22 All in all, we
must face the fact that in our practice we must make do with imperfect tools
relying on imperfect copies of the standard units.

2.4 Measuring Length and Time

According to the empiricist, the established rules of extensive measurement
can be applied to length, one of the most mundane basic quantities, the
following way. In line with the first rule, we are to have an empirical process
to pick out equal lengths. We can lay any straight edges (for instance, rigid
rods) side by side and judge whether they are equal or not. For now, forget
about theproblemsof uncertainty by the limited sharp-sight or of themargins
between which our assessments can be regarded reliable. If we lay two rods
end by end along a straight line, the length so gained will be the sum of those
of the two original rods—exactly as the second rules requires. Finally, we
can pick a rod with a certain length, or can mark out an arbitrary distance on
a straight edge, and regard it as the standard unit.

Having a straight wall of a certain length to measure, we can just begin
measuring by first laying the unit rod by the wall so that the one end of the
rod fits to one end of the wall. We mark the position of the other end, then
move the rod by the wall so that the first end fits to the mark, and so on.
When reaching the end of the wall so that the rod’s end more or less fits the

21Strictly speaking, it does not, when we take relativistic effects into account. See Szabó,
2009 on the empirical definition of space and time tags (in Hungarian).

22Indeed, in the modern standard metric system (SI) the definitions of the seven base units
are highly interwoven. As we have seen, the definition of meter relies on that of second.
Ampere and candela (the unit of of luminous intensity) are defined through time, length
and mass. Mol (the unit for the amount of substance) refers mass in its definition. In turn,
mass has a unit prototype, as we have seen. (SI brochure 2006) What is left is kelvin—I will
come back to the story of temperature measurement in section 2.6 on page 26.
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end of the wall, we count the times whenever the rod was in a new position
by the wall, and then conclude that the length of the wall is n unit.23

To apply these rules for time, another basic extensive quantity, is a bit
trickier. We may record an event e, and then record an event f , but how
could we be sure that the so defined time interval equals to another one
defined by events g and h, or not? Moreover, how can we assure additivity
for these intervals?

The answer is that we can establish equality between time intervals
spanned by simultaneous event pairs.24 Similarly, additivity can be taken
for any two adjoining time interval pairs, that is for any two intervals speci-
fied by events e and f , and events f and g respectively. Clearly, these concept
are much weaker than those of length in that we can establish equality or
account for additivity only in naturally occurring, readily found situations.
We have no ways for manipulation, we cannot carry over a time interval
to compare it to others. Similarly, I am free to take any interval specified
by events e and f as a unit of time, but how, then, should I carry it over to
compare time differences?

In order to make use of it, the notion of time measurement must be
strengthened, and this can be done by exploiting periodic phenomena. Tra-
ditionally, the cycle of seasons, the variation of days and nights, the apparent
trajectory of the sun provided natural base for measuring time. Later this
role was taken over by human artifacts with cyclic motion: pendulums and
clocks.

But how can we be sure that the chosen reference periods are really stable?
We know that there are notoriously unreliable reoccurring events, such as
the first snow in the year, my arriving at the office in the morning or even
my heartbeat. The Earth’s motion, or a pendulum are generally regarded as
more reliable.

Of course, we ”know” that in practice the pendulum is slowed down by
friction, and strictly speaking the Earth’s periods around the Sun or around
her own axis are also not constant. Now, these convictions rely on some
complex theoretical machinery of modern science, thus goes far beyond the
immediate empirical questions of taming time. Worse, they presuppose an
already established concept of time. The same is true about some periodic

23Notice here the circularity again. A straight line (or a geodesic) is the shortest path
between the given endpoints. To pick a straight line we need a method for measuring
length.

24Carnap, 1966, pp. 78-85.
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processes on the atomic level widely considered as of the most reliability,
which nowadays serve not only as bases for modern chronometers, but also
as conceptual foundations for theoretic issues of measurement. A commit-
ment for a ”right” concept of time is already there when we talk about their
reliability.

What justifies the establishment of relative reliability between different
periodic phenomena? Consider two pendulums, one with ”normal” periods,
the other with a ”hectic” motion. We would, of course, take the pendulum
with even periods as more reliable than the other. That is, the one we
regard more stable intuitively. Unfortunately, intuition itself is often a quite
unreliable tool. It can, e.g., easily be imagined that the two pendulums are
moving so that we have no clue which is the one with the ”hectic” motion,
we can lay down only that they are moving differently. It might be tempting
to say that let us measure which pendulum is the one with the e.g. ”hectic”
motion, but it is easy to see that now we are in a bad cycle. For, in order to
measure this, we already should be in possession of a ”reliable” pendulum...
And so forth.

The truth is that we can take any periodic phenomenon we like as a
standard unit, any swing of any pendulum, there is no compelling reason to
choose a specific one. Logically, any choice is equally justified. Moreover,
we may arrive at a consistent description of the world based on any choice.
Indeed, taking a closer look, there is not much difference between the cases
of length and time. Just as we may suppose that the duration of one swing of
a ”stable” pendulum is the same as the other, so we assume that our standard
unit rod remains the same when being carried over in space.

As Poincaré (1902) maintained, we may choose Euclidean geometry or
some of the non-Euclidean geometries in our descriptions of the world, just
as we like, we can as well arrive to consistent theories, only the laws in our
theories will be different. For instance, we may describe relativistic phenom-
ena by insisting that space is Euclidean. In this case we must conclude that
our measuring rods expand and contract, and also our clocks run faster and
slower. On the other hand, we may regard our readings of our chronometer
as time and the unit rod as the unit length, and in this case we must conclude
that space-time is non-Euclidean. Which one of this options is actually cho-
sen is a matter of convention. There is no empirical test to decide which way
to go, as both of the ways can be equally consistent with our observations.

Still, there may be certain reasons for choosing a certain option. Accord-
ing to Poincaré a scientist may prefer choice resulting in less complicated
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laws, neater theories. But deciding which theory is streamlined enough, is
not an easy task, as simplification at some point may result in more com-
plex descriptions at others. Poincaré predicted that no scientist would ever
choose non-Euclidean geometries for the model of space-time because of the
resulting complexities. As we know, he was not right in this respect.25

Carnap (1966) suggests a possible reason for preferring a periodical phe-
nomenon over the other when measuring time. He insists that we can es-
tablish relatively stable behavior for a large class of phenomena and not for
others. By relatively I mean that their behavior is stable relative to each other.
My pendulum executes roughly equally many swings during each period
the Earth turns around. What is more, I have a lot of other gadgets exhibiting
the same stability: the hands of my clock takes more or less exactly as many
turns each time my pendulum takes 1000 periods and so on. It is not that we
would assume some divine harmony here, we regard these coincidences as
contingent facts, but we can bet on this large class, because we do not have
such an extent class for other behaviors at hand.

Let me remark that the fact that other such large classes are not rightly
available for us does not guarantee that they do not exist. But what is more
important, the concept of relative stability is relative itself, in particular, it
is relative to a degree of exactness. If we are just ”zooming in,” jumping a
magnitude order, we will find that many phenomena are now dropped out
of our favored class: in face of the new standards of exactness their behavior
will not be found stable relative to the others in the remaining class. And
going along this way our large class dissolves into smaller and smaller classes
until we end up with some class with one (type of) element, e.g. the class
with the behavior of cesium 133.26 Still, at a reasonably level of ”accuracy,”
we can build our standards on phenomena exhibiting congruent behavior.
This observation will be of great importance below.

Now back to the issue of rules. At this point it is already clear how we can
carry over time intervals as units. We can take any periodic phenomenon
as standard, for instance, the motion of our favorite pendulum. Take our
third rule. At an arbitrary moment t(e0) we begin to count the swings of
the pendulum. To any event e we can assign the (approximate) number of

25It can also be argued that we have no choice at all. The theories of Poincaré are identical.
See Szabó, 2002, pp. 26-37.

26The practical implemetations of these frequency standards are called fountain clocks,
see “What is the Fastest Event (Shortest Time Duration) That Can Be Measured with Today’s
Technology, and How Is This Done?” 2004.
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swings up to that moment t(e). Now if t(e) and t( f ) differ in n swings, and
t(g) and t(h) also differ in n swings (be the two event pairs however remote),
we regard the two differences equal.

On a final note, it is worth making explicit that the procedure of time
measurement, according to the above theoretical account, consists of two
components. As for one, we need a dedicated periodical phenomenon.
As for the other, we need the ”linear” process of counting. That is, we
not only need to distinguish between individual cycles, but to establish a
consecutive order for them. This shows nicely how counting is integrated in
more complex measurement procedures.

2.5 Concatenation

As we have seen, according to the empiricist, extensive measurement is char-
acterized by these three rules: the equality, the additivity and the unit rule.
Some authors (most notably Campbell) insist that the differentia specifica of
the extensive quantities is additivity. Carnap (1966) argues that it is better
to speak of an extensive quantity when we can think of a natural concatena-
tion operation for it. Thus we are able to speak of extensive, non-additive
quantities. An example is the addition of velocities in relativity theory. Here,
concatenated velocities are not summed up by the addition operation of
arithmetic, but by an equation given by Lorenz-transformation:

v =
v1 + v2

1 + ( v1v2
c2 )
.

Likewise, we may like to see the measurement of angles as extensive. But
angular addition differs from the arithmetical one in that we do not have
a value greater than 360. Thus, when measuring angles, 270 + 120 = 30.
So, with Carnap, we can embrace the following strategy: while insisting
on a ”natural” concatenation concept for extensive magnitudes, we widen
the concept of ”additivity” to encompass other operations beyond mere
arithmetical addition.

Now, as implied above, and as Brian Ellis (1966) shows, choosing the
proper concatenation operation is not self-evident at all. Not only that defin-
ing an actual straight line or geodesic is a bit problematic, but the very nature
of the operation is unconstrained by the above rules, when ”additivity” is
taken in a broad sense, that is: any consistent operation goes. We may as well
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take laying the rods by the legs of a right angle as the proper concatenation
operation. Of course, addition in this case will be a ”right angle addition”
(ibid., p. 80), one following the Pythagorean theorem. But the point is that
the operation so defined will satisfy all of our rules of extensive, fundamental
measurement. The choice of the proper concatenation seems to be, to a large
extent, conventional. Still we can say that as long as we have a meaning-
ful and ”natural” concatenation at hand linked to a consistent operation on
numeric magnitudes, we can legitimately talk about extensive measurement.

But what is to be ”natural” enough to qualify as concatenation? A skeptic
about a meaningful distinction, Kyburg (1984) argues that the existence of
a proper concatenation operation is a question of taste. Take the archetypal
example of intensive (non-extensive) quantities, temperature. Temperature
is widely held not to be additive: having a body with a temperature T1, and
another one with a temperature T2, there is no way to combine them so to
have a body with T3 = T1+T2.27 That is, we have no concatenation operation
for temperature. Well, we do have, says Kyburg, just take ”putting the two
bodies in an oven and heating them until T3” as the proper concatenation
operation (ibid., p. 17). One may say, that this concatenation operation
is unnatural, but no one can insist that there is a strict, a priori border
between natural and unnatural, so the distinction of extensive and intensive
magnitudes is a matter of degree and taste, Kyburg concludes.

One can, of course, deny that the described oven process is a concatena-
tion. I would argue with something like this. When heating the two bodies
up to T3, we will not have two bodies with the respective temperatures of
T1 and T2 anymore, but we will have ones with the temperatures of T3 and
T3. So their concatenation should result in a body with a temperature of
T4 = T3 + T3, but for this we should again use the oven-based concatenation
operation—and so on infinitely. That is, we can never have our initial mag-
nitudes and their ”concatenation” at hand simultaneously. We may regard
this specific feature to disqualify ”oven concatenation.”

Kyburg might answer that this is just some time index jugglery. Maybe,
relying on these indices one could build a definition of ”proper” concatena-
tion matching his own taste. But, again, how ”natural” would a so estab-
lished definition be? Would it not be just an ad-hoc rebuttal for this very

27Often, concatenation for temperature is conceived as a kind of averaging, which may be
intuitive if one has the mixing of liquids in mind. However, mixing as a practical endeavor
had never been successful as a base for a standard unit for temperature. See Chang, 2004,
pp. 60-68 on this.
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example? How resistant would it be for other objections? Are we not forced
into some monster-barring28 strategy at this point?

Maybe. But Kyburg’s ”temperature concatenation” has a more serious
defect: the operation requires an already established temperature concept.
In order to heat the oven to a given temperature, we must have a temperature
scale at hand. But all is to do with concatenation is to establish the unit and
thus the scale. If we are free to heat the oven as we like, the concatenation
of T1 and T2 would yield any temperature at the same time. To sum up:
Kyburg’s notion of concatenation for temperature is either void or circular.29

Anyhow, one thing is clear. ”Non-monster” concepts of concatenation
feature an important class of measurement procedures. The importance of
this class lies in the fact that the numerical representation of the quantities
at issue is immediately (and intuitively) justified by the procedure itself. As
the following sections and chapters of this study will witness, the problem
is not at all trivial for other quantity candidates.

2.6 Intensive Measurement

The distinction of extensive and intensive quantities is a historical one, it
can be traced back to Leibniz and Kant. Traditionally, those quantities (mea-
surable qualities) are regarded as intensive, which exhibit order, but lack
additivity. If ”an intensive magnitude . . . can be perceived in an object as
greater than, less than, or equal to the magnitude of the same property in
another object, yet we cannot assign a ratio to two unequal magnitudes,”30

then we can say that extensive magnitudes are those for which we can assign
that ratio. In practice, though, we are prone to presuppose much more of
intensive quantities than mere order. In the spirit of the section above we
could better say that intensive quantities are those, on which no (meaningful

28Lakatos, 1976.
29It is to be admitted that the whole empirical justification project is haunted by circularity,

and ”it is in the context of quantitative measurement, where ... the problem of circularity
emerges with utmost and unequivocal clarity” (Chang, 2004, p. 221). But we should by any
means avoid to have our very concatenation concept circular in itself. (A bonus quote from
Kyburg for the sake of interest: ”In fact it is not clear what is error. There has to be some
indication that the law of linear thermal expansion is reasonably close to being true before
we can construct a thermometer as a way of measuring temperature” (Kyburg, 1991, p. 85).
Emphases original.)

30Castellano, 2007.
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or natural) concatenation operation can be applied. While, as we have seen
above, length and time can be regarded as extensive quantities, intensive
ones are exemplified by temperature or beauty—though the latter is not re-
garded as measurable in the society of morose scientists nowadays. A further
feature often attached to these quantities is that, typically, they are measured
indirectly. But as we will see, by this property we cannot really set them
apart from extensive magnitudes.

The measurement rules for intensive magnitudes are somewhat different
from those of the extensive ones. Let us turn now to these rules through
the example of temperature (Carnap, 1966, pp. 62-69). Our first rule for
measuring temperature is similar to the first rule of extensive measurement
we have seen in section 2.3 on page 17:

(i) If ET(a, b) then T(a) = T(b).

That is, we must have an empirical operation for establishing equality
between the temperatures of two given bodies. In the most simple case we
can touch them, but it can be rather painful sometimes. It may be of more
pleasure to establish equality between their infrared radiance visually.

But now we must introduce a new rule for the one-way difference. We did
not need this step in case of the extensive magnitudes, since concatenation
took care of it by guaranteeing the growth when adding certain magnitudes.
Our new rule, introducing the concept of ”larger than,” goes like this:

(ii) If LT(a, b) then T(a) > T(b).

It is a modest requirement that when we cannot establish equality by the
above empirical operation, we should be able to establish notmere difference,
but also tell which of the bodies is hotter.

Let us see now the remaining three rules:

(iii) If DT0(a0) then T(a0) = 0.

(iv) If DT1(a1) then T(a1) = 1.

(v) If EDT(a, b, c, d) then T(a) − T(b) = T(c) − T(d).

The last one, rule (v) may be familiar, and also a surprise to see it here.
It postulates an empirical operation for establishing equal differences for the
given magnitude. But in order to be able to talk about these differences in
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numerical terms, we must have a unit concept. Setting up one for temper-
ature seems to be a bit trickier than for the extensive magnitudes even at a
first glance: we cannot simply take our favorite rod or pendulum. Instead,
we are obliged to pick some stable, temperature dependent phenomena in
the world, and characterize them with dedicated magnitudes. Traditionally,
in the Celsius scale we order to the freezing point of water (or the melting
point of ice) the zero value, in line with rule (iii.) Then, on the same scale,
we assign another number to the boiling point of water (on the sea level),
according to rule (iv). Thus, we are in possession of an interval, i.e. a unit,
which we can divide into equal parts just as we like—in our case we divide
by 100. Technically, we can lead these procedures the following way. Take
any material that changes its volume depending on temperature. Of course,
it is worth choosing one with relatively large volume differences for the sake
of the ease of detection, we can also use some tricks to enlarge them, e.g.,
we often put some mercury in a narrow glass tube. Now just mark the level
of mercury first at the freezing point then at the boiling point of water, then
divide the so gained length into 100 equal parts, and we are immediately at
something like the Celsius scale.

It seems more or less simple. It is to be noted however, that establishing fix
points and keep them fixed is not a trivial task at all. E.g., the ”boiling point”
of water may differ by pressure, matter of container, solute impurities. And
”boiling” itself is also a vague concept.31 Apart from this, two other serious
problems arise here. First, we may ask, are we really free in choosing our
material with which we establish temperature scales? Do different materials
behave the sameway in thatwe canproduce similar scaleswith them—where
similar means that they can be linearly transformed into each other, just like
Celsius and Fahrenheit scales? Second, clearly not independently of the first
problem, how can we legitimately extend our scales beyond the interval
defined by the two dedicated temperature points?

The short answers to the questions related to the first problem are: yes,
in principle, we are entirely free in choosing our material for temperature
measurement; and no, different materials do not behave the same way and
do not produce similar scales. Consider figure 2.1 on page 29. In the first
scenariowe choosematerial a as reference, whose expansion betweenour two
dedicated temperature points is l(a). For the sake of simplicity, let us divide
our unit into ten parts. Observing then, with the help of our so established

31See Chang, 2004 for a detailed story of fix points and, in general, temperature measure-
ment.
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scale, material b with the expansion l(b) between the dedicated temperature
points, so, that we mark the respective degree marks as it expands when
heated (say, we heat liquid thermometers in the same pot of water, and we
are registering the liquid level on the glass with a marker), we may well find
that the correspondence is far not linear. Similarly, in the second scenario,
when choosing b as standard, we will find that material a seriously deviates
from a linear expansion when heated.32

Figure 2.1: Relative Temperature Scales of Different Materials

Now do we have any reason to prefer any of the possible scales? One
may insist that there must be certain theoretical considerations and scientific
laws determining the ”right” interpretation of temperature. For instance,
she could mention that the pressure of a certain gas in a closed vessel is
proportional to the temperature. Postulating that it is linearly proportional,
we can use this phenomenon to calibrate temperature scale. But if we use
the so gained scale to observe another phenomenon, we may well find now
temperature is not related in a linear mode to another magnitude (e.g. to the
volume expansion of another material). How should we choose the ”right”
phenomenon to calibrate with?

One may also say that the modern concept of temperature is based on
the kinetic energy of particles. Cannot these energy levels define the ”right”
scale? The thing is, that here temperature is simply defined as the kinetic

32Materials traditionally used for temperature measurement indeed show wide variety in
thermal expansion (ibid., p. 58, p. 109). Water, for instance, even expands when it is cooled
from 4 to 1 ◦C.
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energy of particles, that is energy is just another way of talking about the
same thing, but cannot help us to solve the question of calibration. If we
could measure and consistently relate the amplitudes of the oscillation of the
particles in different materials to a common additive scale, and we could de-
rive the procedure of temperature measurement from that of kinetic energy,
we could say we have ”extensified” the quantity of temperature. But this is
not the case. The theories of statistical mechanics do not bring us closer to
the operalization of temperature.

Serious problems arise also when trying to extend the scale we had based
on a given phenomenon, e.g. the expansion of some material. First, there is
no guaranty whatsoever that the behavior of the given material will (in any
relevant sense) be similar to the one observed between the dedicated points
beyond the boundaries of the interval. Second, every phenomenon is apt for
measurement within narrow limits only, e.g., every material exhibits certain
not so preferable behavior around its phase changing points.33

This latter consideration does provide some reason for choosing an apt
phenomenon as a base. Kelvin, the modern standard unit for temperature, is
defined, roughly, as follows. Theoretical results of thermodynamics indicate
an ideal, absolute zero point (in the terms of statistical mechanics, the one
where no microscopic motion of particles is detectable). Take this one as the
first dedicated point according to rule (iii). Take the so called triple point34

(roughly the freezing point) of water as the second dedicated point. Then
divide the interval so gained into 273.16 equal parts, this guarantees that our
new unit will be equal to the one of Celsius scale—there are many advan-
tages in respecting traditions. But now, how to extend the scale upwards?
There are several ways, but it worth choosing a phenomenon that sweeps an
immense interval. Take, e.g. the ideal three-dimensional black body and take
the characteristic frequency of black-body radiation as directly proportional
to the temperature. It maybe a good choice because of the stable wide-range
behavior, but it is still an arbitrary choice without any logical constraint.

33This lead Bridgman (1927) to the point that we have different concepts of a quantity
measured in different ranges by different tools. See more in section 4.3 on page 62.

34Triple point is a constellation of temperature and pressure where all the three phases of
a material is present in equilibrium. An arbitrarily small change in the conditions would
result in one of the phases of the material. The triple point of water is at 611.73 pascals and
0.01 ◦C.
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Moreover, it would be surely unpleasant for Campbell that we could never
directly observe an ideal black body.35

Few would question that the measurement of temperature (as other mea-
surements) is conventional in the sense that units and divisions of scales
are determined by the consent of scientific community. Now it is clear that
convention plays a more immense role here: the characteristics of the whole
scale is determined by the choice of the defining phenomenon. One could
thus conclude that it is meaningless to talk about equal differences in differ-
ent ranges of a temperature scale and rule (v) is to be abandoned for intensive
measurement. But as we have seen, convention is also substantial in the case
of extensive quantities. The issue of temperature show some spectacular
similarity to the case of time. If we have the right to calibrate time to a bunch
phenomena with congruent behavior, cannot the same be done in the case of
temperature?

It can, and it was indeed. Chang vividly covers the story of the cali-
bration of thermometers (Chang, 2004, pp. 74-83). Regnault, a meticulous
experimenter, did a heroic work on picking out the ”best” thermometer pos-
sible. His approach was largely anti-theoretical, as based on the notion of
comparability only. He managed to sort out a set of gas thermometers which
was comparable, i.e., provided similar enough readings under the same
circumstances. I my wording: he managed to sort out a set of congruent
phenomena. Note, that he refrained himself from asserting that he estab-
lished the ”real” scale of temperature, and it would not have been justified
to do so at all—even if his achievements later got some theoretical confir-
mation (ibid., pp. 192-196). The important moral is that even when having
no theories with successful operalizations at hand, we still have a choice to
establish a firm quantitative concept with, so to say, empirical brute-force.

2.7 Derived Quantities

In addition to the classical distinction of extensive and intensive magnitudes,
let us observe another traditional distinction, made first by Campbell (1920),
namely that of fundamental and derived quantities. Magnitudes of funda-
mental (or basic) quantities, like length, mass or time can be accessed directly
by a so called standard series where a standard unit is taken n times. Putting

35In fact Campbell hoped to account for temperature as derived from genuine extensive
quantities.
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this series against some fundamentally measurable magnitude in the appro-
priate way its measure can be estimated. At the same time the so called
derived quantities, such as constant acceleration or density can be calculated
only if they can be based on the measurement of basic magnitudes by dis-
covering the concerning scientific laws. Thus, acceleration is obtained as the
change of velocity in a given time interval, while density as the quotient of
weight (mass) and volume (i.e. eventually length). Campbell (1928) also
call the two types A- and B-magnitudes respectively, and sometime refer the
latter as qualities—I will not follow him into this terminological muddle on
these pages.

Campbell’s main point is that derived magnitudes do not possess the
required numerical properties when measured directly. For instance, density
can be measured by observing how different solid bodies behave in different
liquids. If we have a body that sinks in liquid a but floats in liquid b, we
conclude that b is denser than a. Having another body that sinks in b but
floats in c we can conclude that c is denser that b and it also denser that a.
Thus the observed liquids are ordered according to their density, and we can
even assign numbers to them preserving this order. But it must be seen, that
with this hardly more is achieved than in the case of Mohls’ hardness scale.
Of course, density (of liquids) are often measured with floats with scales on
where the submerge of the float in different liquids can be measured. It can
be argued that by this method a measurement similar to that of temperature
(see section 2.6 on page 26) is accomplished.

But after all, density is traced back to genuine, additive extensive magni-
tudes. Thus, eventually, we can order numbers to different densities which
are not entirely arbitrary but bear the properties of the underlying extensive
scales. In this terms we can meaningfully assert that mercury is 13 times
denser than water. Campbell insists that this reduction is of purely empirical
nature, namely scientist had to verify the fact by experimental methods that
when we double the weight of some material, volume will also be doubled.

In contrast to this, I am inclined to think that this reduction is of purely
definitive nature. Not the least, the above ”law” is not even true. Taking any
gas on earth, when we double their weight, we may realize a volume growth
lesser than double. At the same time we will declare a growth in the density
of the observed gas. And for this we can hold responsible only the very fact,
that density is defined by the quotient of weight and volume by scientific
consent. Yes, we can save the results of our experiments by applying different
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theories in our explanation. Some considerations on gravity will explain our
unexpected volume growth. But this is more than raw observation.

In addition, as Ellis (1966) holds, many quantities are ”derived” in the
sense that they are measured indirectly, through the measurement of another
quantity. Thus temperature is often measured via measuring the level of mer-
cury in a tube, i.e. measuring length; velocity is often measured by gauges
based on potential differences (in cars) or by Doppler-effect, i.e. wavelength
shift (in case of cosmic objects). Practically, quantities are rarely measured
directly, and probably every quantity can be measured through measuring
one or more other quantities. As we have seen, many of the basic quantities
are even defined by others. Thus, the distinction of fundamental and derived
kinds of measurement is not so sharp as it may seem at first, and not even
essential.

2.8 Laws or Rules?

What are the status of the above established rules of measurement, i.e.,
what kind of formulas are they? It is telling that Campbell prefers the term
”laws” (of measurement) instead of ”rules.” I think, even at a first glance, one
may find this terminology quite unfortunate. In his 1921 though, Campbell
explicitly defends his choice by emphasizing that the operative rules for
measurement are genuine scientific laws. Because ”the fact that the rules are
true can be, and must be, determined by experiment, in the same way as the
fact that any other rules are true” (Campbell, 1921, p. 119).

We may observe that, typically, a scientific law has the following form
Q = Φ(R, S . . .T), where Q, R, S, T, etc. are for different quantities, and
Φ is some mathematical formula with quantity symbols as variables. E.g.
Ohm’s law is usually put in the following form: I = V

R ; and states roughly
that the current on a given conductor equals to the quotient of the potential
difference and resistance. True, some other kinds of scientific statements are
also often traded as ”laws,” but the example sketched here is characteristic
to physics—the discipline Campbell surely had in mind above all.

The rules for extensive measurement are different in (at least) two re-
spects. First, two of the three are naturally expressed as conditionals rather
than equations. Of course, we can force ourselves to reword laws as Ohm’s
as conditionals. But their natural equational form suggest that they hold (or
at least supposed to hold) universally, whereas it is entirely clear that the rules
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of measurement may hold under one set of circumstances, but not under the
other. Sure, not all qualities are measurable.36

Second, while laws of physics usually involve a great deal of quantities,
alas, the very rules of measurement remain entirely silent on them. How
could it be? The answer is easy. These rules are not saying anything about
single quantities, but provide the empirical rules for rightfully establish-
ing a large class of them. Thus, they may be regarded as methodological
guidelines, or test requirements—that is, some kind of meta-laws (if at all).

Nevertheless, I can easily agree with Campbell, that the empirical proce-
dures satisfying these rules of measurement involve experiments. Thus, in-
volve a great deal of sophisticated equipment and operations. Sadly enough,
our rules remain utterly silent on these details.

Figure 2.2: A Good Start towards Empirical Equality no.1

It is to be observed, e.g., that having the ”right” tool for the proper
experiment is not unproblematic. However, Campbell seems to suggest that
we could overcome these difficulties by the experimental method itself:

...[F]or instance, [a rule] is only true if the balance is a good one,
and has arms of equal length and pans of equal weight. If the
arms were unequal, the rule would not be found to be true unless

36One could say: ok, but when they are measurable, the are universally measurable. But
this amounts to saying that once we have an empirical procedure for measuring a quantity
we will always have it (or have one) under whatever circumstances. It is rather doubtful, I
suppose.
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it were carefully prescribed in which pan the bodies were placed
during the judgment of equality. Again, the rules would not be
true of the property length, unless the rods were straight and were
rigid. In implying that the balance is good, and the rods straight
and rigid, we have implied definite laws which must be true if
the properties are to be measurable, namely that it is possible to
make a perfect balance, and that there are rods which are straight
and rigid. These are experimental laws; they could not be known
apart from definite experiment and observation of the external
world; they are not self-evident. (Campbell, 1921, p. 119)

Figure 2.3: A Good Start towards Empirical Equality no.2

But how do we now that we have a (near) ”perfect” balance scale? Surely,
it is not only stipulated that a good balance scale exists, since it could not be
known apart from ”observation of the external world.” One must, then, have
the experimental means for determining that the balance scale which we use
for combining weights is a ”right” one. But to determine this, it seems, one
must already have the concept of equality for weight, the very concept one
approaches trough the rules for weight measurement. Since the appropriate
experiment would be nothing else than measuring that the scale is unbiased
by equal weight in its pans.

In fact, it is not even enough to conclude that the scale is a good one.
Suppose, we have two weights of which we, let us allow it, do not know
whether they are equal in mass, but we suppose so, because apparently they
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are. Having them in different pans and observing balance is a good start. But
when exchanging the two weights we observe a bias, we can rightly conclude
that something is wrong. When observing balance, we need one more piece
of experiment: we must put the two weight in the same pan. Finding that the
very pan has sunk provides some reason for believing in our scale. (Strictly
speaking, it is still not enough to know that we have a good scale. It may
well be that it is only insensitive to the difference between the two masses.)
But we can arrive to this conclusion only because we presuppose that mass
is measurable (or more exactly, that individual weights are totally ordered).

Figure 2.4: A Good Start towards Empirical Equality no.3

Notice further, that one and the very same procedure applies for the cases
where the masses are apparently different, or the scale is apparently biased
or both. If we observe equality for the weights in different pans in both
possibilities, and we observe the sink of a pan when both of the weights are
placed in, and we have some pairs of weights of which we cannot established
equality this way, we must conclude that we have an empirical operation for
equality independently of our impressions of appearances.

I will not examine the case for the other rules. It is enough to see that
their test requires identical (or ”very, very similar”) copies of a unit weight,
which can be arrived at by equality tests also.

Now, do we have an operation also to pick the ”right” balance scales
without the measurability presumption? It is to be seen that we cannot claim
for, e.g., the equality of the balance arms. We may say that we will find that
a ”right” scale has equal arms in most of the cases, but this assertion relies
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rather on some vague theoretical assumptions on torque, than on actual
observations. We may as well assume some peculiar distributions of friction,
or even complex spring mechanisms inside the tool.

Figure 2.5: A Good Start towards Empirical Equality no.4

All we can do is to re-conduct the measurability experiments with new
tools many times and hope for a prevalence of preferable cases on a long
run. Thus, verifying measurability and equipment calibration go hand in
hand along the infinite road of inductive confirmation. We are on Neurath’s
ship, we must swap the planks one by one while one water to repair the ship
(Neurath, 1932). Of course, in practice, we are convicted of the measurability
of mass, thus we relaxedly turn our attention to the exhibition of precise,
well-calibrated equipment.

To sum up, the rules of measurement differ from physical laws in im-
portant respects. I am inclined to say that they are methodological consid-
erations on the empirical operations underlying measurement procedures.37

Roughly, they suggest we should have such and such empirical procedures
in some way similar to mathematical operations in order to assert that we
are dealing with a measurable quantity. Whether we are smart enough to
find such operations by carefully assembling our gadgets is a contingent fact

37On the other hand, a measurement theory of a given type, conceived as an axiom system,
can be regarded as a full-blood scientific theory. Along these lines we will be able precisely
talk about the similarity of empirical and mathematical operations, because we may build
a model for the data gained by the application of the measurement procedure, which is
homomorphic to some mathematical structure. See more in chapter 5 on page 73.
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which neither confirms nor disconfirms the rules by itself. By that fact either
we can assert the given property’s measurability or not. But honestly, when
we are with trouble with measuring, say, a far-away star’s core temperature,
the last thing we would conclude that temperature there is not measurable.
For sure, we will have some theories.
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Chapter 3

Interlude: Measurement and
Continuum

Measurement procedures sketched in the previous chapter apply units with
which some quantitative properties of the objects of interest are estimated or
approximated. One may wonder whether they could be sharpened so to get
rid of all of those approximations. The short answer is that there is no way
for it, this feature is essential to measurement. What we can do is to divide
our standard unit into sub-units, as meter is divided to 1000 millimeters, and
minute is divided into 60 seconds. But it is easy to see that doing so we only
export the problem of exactness one level lower. We can measure the length
of a piece of metal with our measuring rod with a millimeter scale on, the
ends of it will match those lines on the scale only roughly. Of course, we can
still make our scales and tools more precise (take a vernier) and we can jump
another order—and so on and so forth.

As the way of improving our procedures is to divide our scales into more
fine-grain scales, it is clear that measurement can never arrive at anything
else than rational numbers, i.e. we can never assign irrationals to measured
features—even if we could refine or means infinitely. Irrationals are results of
theoretical considerations and calculations, in practice, we can never arrive
at πwhen measuring the ratio of the perimeter and the diameter of a piece of
land of a circle shape. Of course, here I am not after the point that no perfect
circles exist in reality. Rather, my aim is to inquire into a discrepancy between
intuition and observation. While we maintain that most of the quantities are
continuous, the very nature of our measurement procedures is such that we
can only exhibit rationals ever.
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I may still let it: in a trivial sense irrationals can be results of measurement:
one can report them as such. Then I reword and sharpen the thesis as: no
relative irrationals can be justly reported as results of a given measurement
procedure. In this chapter I will argue along this thesis, and I will explore
some of its consequences with regard to the problem of realism.

3.1 Irrationals

One possible objection to the thesis that we can only arrive at rationals by
measurement is the following.38 Consider a clock with only one hand for the
indication of hours, motored by any of our cherished periodic event types.
The hand is extended as a straight line, e.g., by a laser light beam. This way,
besides the ones on the clock face, we will have readings also on the floor, i.e.
on a plane perpendicular to the clock face. These readings will, of course,
fall in a straight line on the plane. Let us denote the floor readings at four,
five, six, seven and eight o’clock as a, b, c, d and e respectively; see figure 3.1
on page 40.

Figure 3.1: Clock Readings and Projections

38Some of the ideas in this section was put forward by András Jánossy in personal dis-
cussions.
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Now, most of us would agree that we are able to measure the time elapsed
from four to five by the length the hand took on the edge of the clock face (or
by the change in the angle between the hand and the six-twelve axis). But
then we may also hold that we also measured the laser beam’s way on the
floor, i.e., the distance between a and b at the same time, whose value is up
to the unit choice and the length of the perpendicular beam from the clock
(i.e. the one at c), but it is very likely to be an irrational number with respect
to the given unit. For instance, if we take the length covered by the beam at
the edge of the clock face by one hour, i.e. rπ6 (where r is the radius of the
clock), and the distance l0 between c and the center of the clock is 2r (i.e. 2/π6 ,
i.e. approximately 3.81971863427... units), then by trigonometrical methods
we can calculate that the progress of the laser beam from six to seven, l1 is
tan 30 = l1

l0
, i.e. approximately 2.20531558172... units. Now we can state,

that we have measured the distance between c and d, and it is an irrational
number. The strength of this argument lies in the observation that these
numbers coincide not with some arbitrary measurement results, but with
the limits of our standard units.

But let us take a closer look. What we have here is an idea of a function
mapping all of our readings to some point on a straight line. It will map all
of the readings from nine to three o’clock to infinity, but why not? It is not
a one-to-one mapping, then. But let us now disregard the upper part of the
clock.39 We are asserting that we have co-measured the laser beams progress
with time, but what we see here is a bunch of calculations. Are we to insist
that we have also co-measured the actual length of the beam (e.g. l0), just
because we expressed it in the given units? For me it seems that these are
trigonometrical calculations independent of any measurement. This is not at
all to say that no measurement procedure should involve calculations. What
I am up to is to indicate that here we have an issue of mere renaming. As
measurement data is reported as numbers, I could take any function I like to
”rename” pieces of data. Consider just replacing the readings on the clock
face by the square roots of primes respectively, as: 1 to

√
2, 2 to

√
3 and so

on. Are we really ready to accept that now we are ”co-measuring” rationals
and irrationals?40

39We could, of course, also set up this thought experiment in a room with walls and
ceiling, thus ensuring the one-to-one correspondence.

40The chosen function preserves order, but it is not invariant under certain important
operations. See more on this in the next chapter.
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Further, suppose there is an ideal point on the edge of the clock which, by
the motion of the beam, exactly coincides with seven o’clock, i.e., with one of
the endpoints of the time span between six and seven. Now, however are we
trying tomakeour readingsmore andmoreprecise, therewill always be some
uncertainty when exactly are we at the required point (expressed in some
tinier and tinier sub-units), that is, at seven. Now whatever irrational number
is calculated at the floor-end of the laser beam, we can never ascertain that
we have arrived at it. That is, our empirical methods will not be sharpened
simply by renaming a rational to a given irrational number. In a realist
wording: our reports on measurement results are always to be understood
as complex statements on intervals (and probability).

In a different setting, we could redefine any of our unit x as
√

2x from
tomorrow. That would cause much confusion, but change nothing essen-
tial. Of course, our unit choice is conventional, and even every unit can
be regarded as irrational in face of another unit. If I would measure the
weight of the standard prototype of kilogram against a piece of clay I just
nipped at random, almost surely I would find that, by endlessly improving
my measurement methods, I could only approach it with my ”measurement
generated rationals” (accepting the generous help of the robust armature
of sub-units and identical copies in the measurement operations), and this
process never ends.

One may wonder much depends on how reporting a result is conceived.
But this is not so. We can regard reporting as an error-prone act of reading in-
struments scaled with whatever symbols, or we can simply equate reporting
with establishing a result of measurement. In any event, for a set of practical
reports I can always offer a consistent renaming using only rationals. It can
be clearly seen from the fact that a series of reporting, being finite, cannot
even be dense.

To further exploit our thought experiment for the sake of interest, observe
that the path of the beam on the floor is suitable for time measurement even
if we are agnostic to the clock face far up in the sky. Of course, we know
that the beam first passes a, and later it passes c. What is more, we know that
meanwhile it passes b. Thus, we can measure the order of moments, and we
can even set up a daily (or a twice-a-day) meeting by referring to a point on
the floor.

What we do not know is that b is at ”half-way” in time between a and
c. At this point we cannot be sure what reading corresponds to the middle
of the time span between a and c, but nothing prevents us to take b? as the
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corresponding point so that b? lies exactly in the middle of the straight line
section between a and c. Of course, b? will not coincide with b. Still, we
are free to take the (a, b?) (or (b?, c)) section as our standard unit for time
measurement. Thus, adjusting the right end of this unit section to some
arbitrary x point on the path of the beam we will arrive to the notion of
one hour later. And it will be a neat, operationally defined concept. Until
we do not calibrate our system with other time measuring tools based on
periodic phenomena regarded as standard by consent, we can rely on it as
our favorite, best and only equipment.

3.2 Realist Tendencies...

But what is the reason to believe that there are reals ”out there?” Why should
we regardmost of the quantities as continuous? Andwhywould abandoning
this belief be a ”revolutionary change?”41 We might even find this sentiment
strange, since the assumption that space or time has a structure analogous
to that of real numbers cannot be confirmed by direct observation, not even
in principle—it is clear from the fact that we can ”reach” only rationals with
measurement. So is it not possible that all of the quantities are discrete after
all?42 Physical theories already exhibited several phenomena of discrete
nature, for instance electromagnetic radiation carries energy in quanta, or
charge also has a smallest possible magnitude. Not the least, even to interpret
length on an atomic level is problematic in itself. (There would be no problem
in geometrically describing discrete space and time: we can consider points
x and y as neighboring if no events could take place between them.)43

But to comment on the discrete space-time problem is not my issue here.
My concern is why do we see quantities as continous? One may mention
our deep, instinctual realist convictions as a reason. We can venture it is
somewhat ”natural” to regard present as a continuously moving frontier

41Carnap, 1966, p. 89.
42There may even be theoretical considerations pointing to this conclusion, see e.g. the so

called Planck time (Williams, 2016).
43Peter Forrest (1995), one of the authors defending a discrete space-time thesis insists that

there may be empirical means to support our choice. At least, in theory. His idea is based on
a concept of systematic (i.e. theory-based) measurement and our ability to detect systematic
errors in the data gathered by appropriately precise instruments (see Kyburg (1984) and
section 7.2 on page 105 for more on this). He admits though, that the issue is open and may
remain so for good.
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between future and past—anyhow it is a widespread way of looking at
time; as it has also been a popular stance in the history of philosophy to
regard time intuition as the very base of the real number concept. Again,
our intuition tells us that the bullet fired from a gun, having a 10 meter
long trajectory towards its target will pass the point at

√
2 meter. Through

the realist’s glasses (suppose her to be realist in a semantic sense),44 the
sentence asserting the above state of affairs will be true independently of
our knowing it (by observation), and what is more, independently of our
outright inability for verifying it.45 Moreover, a realist may insist that as the
bullet touches every point on its trajectory, it makes sense to say that the
bullet (or an infinitesimally small part of it) is at a rational (or an irrational)
number away from its starting point taken in meters at a given time. In other
words, she may insist that the assertion that the bullet (or an infinitesimally
small part of it) is at a rational at tx is true or false independently of our
knowing which, and independently of our not being able to know it ever in
principle.46

Another possible reason for sticking to a model of continuous quantities
may be the immense role played by analysis in scientific theories. The
presupposition of continuous change allow us to talk about not only function
values at certain points but about their arbitrarily small environments as
well, i.e. not only about state of affairs but about trends. Thus we can
derive a velocity function from a position function, an acceleration function
from a velocity function. As a consequence, whole scientific theories are
presented as a bunch of differential equations, i.e., as equations relating basic
functions to their derivatives. So the scientists’ adherence to the continuum
is somewhat understandable.

But the everywhere continuous and derivable functions we used to use
in our physical descriptions of the world are not conceptually necessary at
all. Neither the classical realist approach to the continuum nor the applied
mathematics constrain this. We can easily imagine, or mathematically de-
scribe cases where a body is at x1, y1, z1 at a moment, but it is at x2, y2, z2 at

44The terminology used here reflects that of Dummett, 1993 and 1995.
45The empiricist may regard the statement in question analytically true, i.e. following from

the mere logic and mathematics applied in the respective theory. But it only makes explicit
that we do apply the theory of reals in our theory.

46Note that this situation can be described by the notorious nowhere continuous Dirichlet
function defined as ϕ(x) = 1 if x is a rational, ϕ(x) = 0 if x is an irrational, by naturally
representing ”true” as 1 and ”false” as 0.
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once, i.e. ”in no time.” In this case, our motion function is ”broken,” i.e. not
continuous.

In order to show that our classical realist model even leads to outright
conceptual impossibilities, Dummett (2000) introduces other, more sophis-
ticated examples of discontinuity. At some point, for instance, he presents
a version of Thomson’s lamp.47 Instead of a lamp and a switch, consider a
pendulum with an accelerating motion between its endpoints a and b lying
equally far from the center of the pendulum’s path c. Now the pendulum
swings first from c to a in 1

3 minutes. Then from a to c in 1
6 and then from c to b

in 1
10 minutes. We can calculate the nth quarter swing as 2

(n+1)(n+2) . Now, what
position will the pendulum hold after one minute? We cannot tell, of course,
since the sequence converges to 1, thus the pendulum must take infinitely
many swings by then. The mere fact, that such thought experiments can be
worded makes the classical model more than suspicious, at least according
to Dummett:

The classical model is to be rejected, because it fails to provide
any explanation of why what appears to intuition to be impossible
should be impossible. It allows as possibilities what reason rules
out, and leaves it to the contingent laws of physics to rule out
what a good model of physical reality would not even be able to
describe. (ibid., p. 505)

I would reconstruct Dummett’s argument as follows. Scientific theories
used to live on continuous, differentiable functions. In particular, scientific
laws generally establish relationship between continuous quantities. Now,
these properties are constrained by contingent ”facts,” not our inner ”model
of physical reality.” Worse, the latter is fatally incriminated once caught red
handed in showing conceptual impossibilities possible. So let us choose a
new model which excludes these conceptual calamities (e.g., by rendering
all the functions continuous and derivable—see below).

As for me, I cannot really see what should shape our ”model of reality”
if not contingent proceedings of physics. Nevertheless, if it is the case that

47Though he does not explicitly mention Thomson (1954), the essence of Dummett’s
modification is to bring continuous motion in the picture, while Thomson’s lamp deals with
two switch states.
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we are somewhat free to choose our model, I agree to choose the more
streamlined one with less inner discrepancies.48

3.3 ...and an Antirealist Offer

Dummett (2000) offers a remarkable alternative of the classical view, so to
get rid of the problematic metaphysical stance while trying to reserve the
strength of our scientific theories. He suggests to apply the principles of
constructivism for our reflections on the physical world so to get rid of the
conceptual discrepancies of the classical approach. The constructive math-
ematical practice is largely based on the ideas of intuitionism, a school that
originates in the work of the Dutch mathematician, Jan Brouwer. The advo-
cates of it maintain that the objects of mathematics neither are real entities
in some Platonic realm, as the rival school of logicists often holds, nor are
mere figures of ink on a sheet of paper manipulated by the rules of the game,
as the so called formalists insist, but constructions in the mathematician’s
mind (or better, in an ideal mathematical mind). In order to justly assert a
mathematical statement p one must have a (finite) construction procedure
for p, in other words, one must have a proof of p. Thus, for the intuitionist, p
is true iff it is proven. On the other hand, p is false iff it is incompatible with
one of our constructions established earlier. That leaves room for statements
which are neither true nor false. Goldbach’s conjecture, stating that every
even integer can be expressed as the sum of two primes, is such a statement.
As neither has it a proof, nor has it a disproof it cannot be regarded either as
true or as false. At least, not at the current state of affairs, it may not be truth-
valueless eternally. (According to the so called ”problem interpretation” of
Kolmogorov (1932) p is true if we have a solution of p.)

It is clear that the principle of bivalence, suggesting that a well-formed
statement is either true or false, cannot be maintained by the intuitionist.
Moreover, it follows that the law of excluded middle (? p∨¬p) also fails—just
consider p to be the Goldbach’s conjecture: nor the conjecture p nor its
negation ¬p can be asserted.49 Generally speaking, the intuitionist abandons
all the principles and methods he finds to be ”non-constructive,” i.e., all the

48To give a comprehensive account on Dummett’s motives for a constructive model or
language (discussed at length e.g. in his 1991) is far out of the scope of this text. For a
concise summary see e.g. Kapsner, 2014, pp. 11-29.

49For an intuitionist logical calculus, and also for an essential text on intuitionism, see
Heyting, 1956.
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ones leading to general statements about our universe of discourse without
the load of exhibiting concrete instances—thus such mascots like the law of
excluded middle, the method of reductio ad absurdum, the axiom of choice
and so on. Nevertheless, on the positive side, he tries to ”re-construct” as
much of the universe (of mathematics) as possible with more rigor, more
strict methods, less presuppositions.

As no infinity can be built up by finite constructive methods, the intuition-
ist maintains quite different concepts of numbers, and an entirely different set
theory. Individual natural numbers are taken for granted, but their totality
is not: infinite sets are regarded as potential only. On the other hand, there is
no problem with induction: each and every natural number can be reached
by a finite, effective process. Thus each and every natural number is part of
the constructive universe, even if there are no actual constructions of all of
them, the demonstration of the possibility of those is enough.

It is by no way surprising that the intuitionist maintains a real number
concept quite different from the classical one. An individual real number is
often handled as a limit of a Cauchy sequence, i.e., a sequence x1, x2, x3 . . . ,
so that the elements the sequence get arbitrarily close to each other as the
sequence proceeds: |xm − xn| < ? (where ? is an arbitrarily small number).
Clearly, a given real number cannot be identifiedwith its generating sequence
by the constructivist, simply because one cannot bear an infinite construction.
Indeed, he regards these sequences as infinitely proceeding sequences, which
cannot be exhibited in their totality, but one can always observe some initial,
finite part of them.

Again, one can also assume that the first element of the other, not yet
explored part of the sequence is given by free choice. It does not mean that the
next element might be any rational number whatsoever; some restrictions
may well be applied. For instance, one may restrict free choice to numbers
satisfying the Cauchy property. This way at every point a dense host of
potential free choice sequences is at hand, or as the intuitionist would put, a
spread of them (of course, the classic set theoretical notions cannot be applied
here). These choice sequences provide the base for the intuitionist concept
of real numbers and the overlapping spreads for that of continuum. (I omit
the technical details here.)

A continuum so conceived bears with some peculiar properties as related
to the classical one. It is clear that in a classical setup we can assert the
following:
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If a, b ∈ R then (a < b) ∨ (a = b) ∨ (a > b).

In contrast, the intuitionist can make a weaker statement only:

If a, b, c ∈ R and (b < c) then (a < c) ∨ (a > b).

In addition, the intuitionist concept of equivalence is also differs from the
classical notion. To say the least, there are two ways for things not to be
equal. If a and b are unequal, a ? b, we can demonstrate a contradiction
in supposing their equality. When a and b are apart, a ?? b, we do possess
an integer k so that |a − b| > 1

k . But probably the most striking feature
of the intuitionist real number concept is that, because reals are exhibited as
overlapping, ever becoming spreads, every functionφ(x) fromR toRdefined
on a continuous interval of reals, is always continuous at every point. Thus,
disturbing discontinuity examples, as the one described above, cannot be
built on the constructive notion of real numbers.

Now, Dummett’s offer is simply to regard those things as real, which can
be accessed or constructed and regard properties real inasmuch they can be
exhibited. We do not have to jettison real numbers from our scientific theo-
ries, all we have to do is to replace their classical concept with an intuitionist
one. To make it short, Dummett calls for changing our account of reals, so
to arrive to a less problematic description of the world which is more in har-
mony with our epistemiological ways. Nor would we have to miss analysis,
a further good news, for Errett Bishop invented a constructive version of it
in his 1967. But the price to pay is not meager: we have to get rid of some of
our deep, natural metaphysical convictions.50

This constructivist approach rhymes well with our concept of measure-
ment procedures. When trying to exhibit some property of an object via
measurement, we always arrive at some rational at a given point. In a realist
sentiment we will say that this result is just piece of data falling in what we
really measure: an interval bounded by rationals, i.e. our margins of error.
Anyhow, we can always make our equipment more accurate and arrive at a
number of another order, and so forth endlessly. This intuitive picture of our
progress in accuracy is in line with the concept of free choice sequences: our
steps toward precision are by no way lead by some necessity, our next limits
in accuracy are entirely arbitrary.

50It is worth noting, that in his 1937, Carnap also offers a choice between a language with
classical features and one of a finitistic, constructive kind, as a matter of, so to say, free will.
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In addition, we have now a way to lay down the theoretical burden of
errors and margins. Allwe have is whatwe have access to. It is worth bearing
in mind, when we ask nature these are her immediate and ”unrepaired”
answers.51

51I will get back to the case of constructivism briefly in chapter 9.
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Chapter 4

Levels of Measurement

So far, while discussing measurement, we dealt with physical quantities. But
what about social (or human, or special) sciences? We may insist that having
their own specific subjects, they must have their own specific quantitative
concepts, if they ever want to measure. An alternative is opening towards
the physicalist’s way—and this could be a very popular direction nowadays
had Papineau52 been right in that ”we are all physicalists now”—with the
admission that there are no non-physical processes. It is also often added
that every concept of human sciences is reducible to ones of physics. And,
having then the quantitative concepts of physics, why would we need new
ones to measure? No doubt, one reason could be that such a reduction is
hardly ever viable actually.

It may easily happen that the quantitative concepts of physics do not
prove to be applicable in special sciences for whatever reason. Still, the
vital need for keeping the precious tool of measurement remains in these
disciplines. Thus, the practitioner of a special science is left with two choices.
As one, she can verify that the above established rules for measurement are
applicable for the given qualities of the discipline. That is, it is to be shown
that they are quantitative concepts. Or, having failed with this, one can go for
”liberalizing” the concept of measurement. But simply labeling things not
labeled so before is not enough. It is much more apt to offer an alternative
measurement theory. That is exactly what the psychometrist S. S. Stevens
offered. His work is justly criticized in many respect, but it undeniably
opened (or better, provoked) new vistas for measurement theories.

52Papineau, 2009, p. 103.
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4.1 Physicalism and the Prospect of Measurement
in Social Sciences

In his classical account of physicalism, Hempel ([1935] 1949) takes psychol-
ogy as a paradigmatic representative of the ”sciences of mind and culture”
(ibid., p. 165). His main point is that every statement of psychology (unless it
is a mere pseudo-statement lacking any content) has to have a translation into
physical test sentences. These sentences contain only physical concepts, and
are, of course, immediately ready for empirical verification. ”The statements
of psychology are consequently physicalistic statements. Psychology is an
integral part of physics,” just as every other empirical discipline (ibid., p.
168).

This philosophy, and it is not a typical fate for philosophies, found its
massive support in the practice of science. It seems that behaviorism, as
a movement inside phsychology, is deeply engaged with the spirit of the
physicalist view maintaining that the pshychologist should turn her attention
to the observable, bodily behavior instead of scouring about the secrets of
mind through introspection.53 All there is to be observed is physical behavior,
and there is nothing to do with hypothetical concepts as mind, temper or
fear unless they can be reduced to observables.

But taking a closer look reveals some serious problems. According to
Hempel’s early, translationalist view just sketched, one can verify a state-
ment of some special science by ”translating” it first into physical sentences.
Note that not only the actual verification is at stake here, since, according
to the neo-positivist, verifiability is the very criterion of the meaninfulness of
a sentence. (We may thus call Hempel’s physicalism a semantic one.) The
translation goes like this: e.g. ”Paul has a toothache,” a sentence involving
a psychological concept, can be rewritten as different ”test sentences,” like
”Paul weeps and makes gestures of such and such kinds,” ”Closer exami-
nation reveals a decayed tooth with pulp,” ”Paul’s blood pressure, digestive
processes, the speed of his reactions, show such and such changes,” ”Such
and such processes occur in Paul’s central nervous system,” or even like ”At
the question ’What is the matter?’, Paul utters the words ’I have a toothache’”

53For one with an apt historical rigor, it may sound anachronistic to use the word ”physi-
calism” in the context of behaviorism, which has its roots in the late 19th or early 20th century,
while physicalism as a philosophical commitment origins in the work of some members of
the Vienna Circle in the thirties. By the same token, it is likewise anachronistic to use the
word in context with Campbell. I will be consequently anachronistic in this respect.
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(ibid., p. 167). As Hempel himself observes, the list could be extended ”con-
siderably,” which I would readily interpret as ”without end.” Hempel is
haste to ensure us that we do not have to verify all of these sentences, ”some
of them” is enough, and then we can infer the verification to others by in-
duction.

That leaves us with a good deal of questions. How extent should our
always amendable list be? How many of the test sentences should be verified
in order to say that we have verified the original statement? And to what
extent should they be verified? Is it the same to take any of the sentences to
verify? For instance, the one on Paul’s weeping counts exactly as much as
the one on Paul’s nervous system?

One may also wonder: do we justly talk about translation when trying
to turn a sentence into an indefinite set of potential sentences? No wonder
that later Hempel himself had given up the strict translationalist view and
accepted a more liberal reductionist one instead, still maintaining that the
concepts of special sciences must be reduced to physical ones. Everything
that is psychical or social is realized in observable physical processes, even
if the exact translation from the psychical-social realm to the physical one
cannot be ensured. And at this point it is important to note that one can also
be a physicalist while being anti-reductionist. That is, he can maintain that
every law of social sciences is realized in physical processes, but deny at the
same time, that these laws could be rewritten using only physical concepts.
(See Fodor, 1974).

I would like to make it clear here that the different directions of physi-
calism may have ontological, epistemological, semantic or methodological
flavors. Of course, usually these concerns overlap, but it is not without
morals to see which feature is stressed in a given account. For instance, a
physicalist may lay stress on one of the followings:

(a) Everything is physical (or supervenes on the physical).

(b) What can be known about nature can only be observed in physical
processes.

(c) Every statement of the special sciences can be reduced to those of
physics.

(d) (Therefore) every scientific method can be derived from the methods
of physics.
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Now it is interesting to see a major, historical debate on measurement as a
debate among physicalists. The story also serves as a prequel to Stevens, in-
troducing the context for his theory of measurement levels. The debate took
place in the thirties in Britain. The British Association for the Advancement
of Science appointed a committee in 1932, to ”consider and report upon the
possibility of Quantitative Estimates of Sensory Events” under the chairman-
ship of the physicist A. Ferguson. The members were noted physicists and
psychologists of the time, Campbell was one of them. Noel Michell provides
a remarkable account of the activity of the committee, the debate, its reports
and their context. I will rely on his 1999 and 2007 in what follows.

The starting scene of this debate was drawn by Campbell’s account of
measurement; in particular, as it was rethought and popularized by Nagel
and Cohen (Nagel (1931), Cohen and Nagel (1934)). True, their stance was a
bitmore liberal than that ofCampbell. Cohen andNagel identify three uses of
numbers: first, they can function as mere identification tags, second, they can
mark a position on a degree scale, and third, they can represent quantitative
relations of qualities (ibid., p. 294). The latter use, of course, characterizes
what traditionally called as fundamental and derived measurement. The
second use, where one represents the relation of more or less by numbers,
was also regarded as measurement by the authors. But they stressed that
one must be aware of these different uses, since the different roles played by
those numbers determine what can be meaningfully said about the measured
qualities. For instance, as Russell put once ”to say . . . that one degree corre-
sponds to the same increase of temperature at any point of the scale, would
be simply meaningless” (cited in Michell, 2007).

Likewise, it would be meaningless to say that a man with an IQ 150 is
twice as intelligent than the one with a score 75 (Cohen and Nagel, 1934,
p. 298). All we can say that he stands higher in a specific performance
scale. Worse, whether this scale represents a mere order structure is also a
question of evidence. That is, it should be investigated whether intelligence
as an attribute has an order structure at all.54 It is at least questionable.
And the situation has not been much rosier for other attributes of concern

54However, one may insist that intelligence is nothing more than the ability of dealing
with IQ tests. Then, the least we can say that this ability is higher for one who scores more on
the test and lower for the one scoring less. (More to be said on the operationalist approach
below.)
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for psychology, but few arrived to the conclusion at the time that genuine
measurement is not possible in the discipline.55

The physicists in the Ferguson committee had a strong opinion from the
beginning to the end on the status ofmeasurement: all there is to bemeasured
are A and B magnitudes, i.e., fundamental and derived ones—exactly as
Campbell proposed. That means that alleged quantities like IQ or a sense
intensity of a kind are not measurable, not even if they had been shown to
exhibit orders. Reducing them to provenly measurable quantities would also
be needed in order to talk about measurement.

By contrast, the psychologists of the committee insisted that this mea-
surement concept is too narrow and it should be retailored so to fit the needs
of special sciences. It seems that they ignored the fact that the measurement
concept maintained by the physicists was based on theory. So instead of
trying to work out an alternative, they rather regarded the whole issue as a
question of mere convention. To put it unfairly simply, they argued that the
committee should accept a wider concept of measurement, because psychol-
ogy measures, and measures differently than physics. Of course, we could
even agree with the claim that concepts are conventional. But conventions
are hard to change, and the Ferguson psychologists failed to convince the ma-
jority by appealing argumentation. However, I think, they would have had
a way to show that the concept maintained by the physicists is too narrow
even by the standards of physics. There would have been an opportunity to
address the problem of the measurement of intensive magnitudes that could
not be reconstructed as derived measurement. In particular, they could have
played around with the problems of measuring temperature.

According to Michell’s account of the events (1999, pp. 147-148), physi-
cist themselves did raise the issue of temperature, and tried to present it as
a B-magnitude. First, J. Guild made a not so fortunate observation that tem-
perature is measurable ”in a board sense” on the basis of some ”arbitrarily
postulated relations.” But Campbell corrected his claim by saying measuring
temperature is a genuine, simple derived measurement based on the Boyle-
Mariotte law, which states that, in a closed system, the pressure of a gas is
inversely proportional the volume if the amount and the temperature are
held constant. Thus, the product of pressure and volume results a constant:
PV = NkT (where N stands for the number of molecules and T is tempera-
ture). Now, the order of this constant determines the order of temperature.

55Michell mentions the psychologist H. M. Johnson as one exception, and also notes that
his work was widely ignored. (Michell, 1999, p. 142; Michell, 2007, p. 82)
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But this constant encompasses to much. Temperature is thus not only de-
pendent on pressure and volume, but the kind and amount of material as
well. If we are not stuck to the celestial world of ideal gases, we must discover
that the different values for this constant for different materials and amounts
exhibit the favored structure. It is not easy, but the main point that it is to be
shown. That could have been one card in the hand of the psychologists of
the committee. Insisting that temperature measurement, vital to physics, is
not convincingly proven to exhibit more than mere order would have been
a good start. All would have been left is to show that sensation intensities
did also exhibit orders. As we have seen, our empirically sound reason to
maintain a temperature concept beyond mere order is based on congruent
phenomenal behavior shown by the relentless non-theoretical experimental
work of Regnault. Such operative-iterative ways are also open for social
sciences, constituting a possible second step towards their quantitative con-
cepts.

Michell shows (1999, pp. 149-153) that the psychologists in the committee
missed another point, namely the problem of differences of differences (or
secondorder of differences) in sensation intensities. It is clear that oncewe are
able to compare differences, we a have a much more sophisticated structure
thanmere order, which bears the promise to be shownadditive eventually. To
make it short, psychologist failed to defend a suitable measurement concept,
and physicists had easily won the battle.

Relying on my four physicalist theses above, I would give the follow-
ing diagnosis. As implicit physicalists, the psychologists probably accepted
(or would have accepted) (a) and surely (would have) accepted (b) of the
above statements. But they probably failed to maintain the reducability of
statements or concepts, (c), and therefore were reluctant to defend a strong
opinion on methodological problems, i.e. to decide about (d). Michell even
ventures that they exhibited a ”curious indifference to methodological is-
sues” (Michell, 1999, p. 146).

But social scientists’ ”reservations” about theorizingon sciencewashardly
only a curiosity of the time. In a recent debate, Papineau (2009, p. 122) ad-
mits: ”the abstract metaphysics of physicalism may seem unlikely to have
any concrete implications for the practitioners of the human sciences.” Not
the least because even for the ”hard” part of a special science, any reduction
to physics would be so complex that it is hardly viable in practice. But in
most cases, even the reducing theories are missing.
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Even worse, special sciences may not only find certain methodological
theories (of reduction, of measurement etc.) futile, but they often find them
”inimical” (Shulman and Shapiro, 2009, p. 127). They are instrumentalists,
living on ”middle-level generalizations,”56 and do not like to see their disci-
plines corded by inelastic theories. The best is to see reductive theories and
other ”games of the philosopher” as having nothing to do with the practice
of special sciences. Science is living and let it live. As Shulman and Shapiro
(ibid., p. 128) put it in a poetical note: ”the idea that the certainty that ac-
companies theorems is the only hallmark of science is an obsolete hangover
of the early Enlightenment.” This is straight talk: we are really happy with
the ways and tools of our playing around in our disciplines, please, do not
even try to disturb.

Psychologists of the Ferguson committeehadnot yet had this self-confidence.
Due to their physicalist inclinations, they were even hesitant to admit their
tacit denial of methodological reduction. They just bitterly swallowed the
conclusion of the committee: there is no sign of the measurability of sense
intensities. Nevertheless, it was not the final word in the story.

4.2 Scale Types

The psychometrist Stanley Smith Stevens directly addressed and challenged
the conclusions of Ferguson’s committee and Campbell’s measurement the-
ory (Stevens, 1946, 1959). No surprise: their declarations explicitly denied
the possibility of genuine measurement in psychology, and Stevens himself
had worked out a scale for measuring the perception of sound intensity (the
so called ”sone” scale). In his answer, he offers a new definition for measure-
ment and as well a theory on the ”levels” of the scales used in measurement.

According to a survey by Michell (2007), many of the definitions of mea-
surement circling around nowadays in the social scientific literature are
closely related to the one of Stanley Smith Stevens from more than a half
a century ago. In Stevens’ view measurement is assignment of numerals to
objects or events according to rules (Stevens, 1946, p. 677). No doubt, though
the definition is paraphrasing Campbell’s, this concept diverges from the em-
piricist one and seems to be rather ”permissive.”

First, it may sound rather strange, that measurement is applied on objects
and events and not on their properties (or attributes). As Michell (2007, p. 74)

56See Merton, 1949.
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puts (a bit more sharply) it ”makes no sense” to talk about measuring objects
unless their attributes are measured.57 Second, while Campbell requires the
alignment with scientific laws, according to Stevens’ wording, any rule fits.
That sounds odd, for we may be reluctant to esteem as measurement such
a scenario, for instance, when one assigns the number six to the democratic
countries, the number 17 to the favorite pair of rubber boots of the prime
minister, and the primes to the factual mistakes of the commentators on the
evening news in a respective order.58

Be the rules of the assignment however arbitrary, the applied rule affects
the properties of the scale so gained, determines the ”level” of measurement.
Stevens specifies the following scale types: nominal, ordinal, interval and
ratio (see figure 4.1 on page 60). He shows for each level the respective empir-
ical operation, mathematical structure, permissible statistical operations and
provides some examples. His main point is that there are different structures
we can arrive at by measurement (as opposed to the Campbellian monotypic
theory), thus numerals may have different meanings, among them ones seri-
ously diverging from their usual understanding. We must always be aware
of these meanings when dealing with them.

57On a more abstract level, it is not nonsense to insist that measurement is ”about”
objects. For instance, Kyburg (1984) defends this view. He suggests to conceive quantities
as functions such that their domains are sets of things and their ranges are the real numbers
(ibid., p. 17).

58Michell (2007, pp. 74-75) mentions two more problems with this definition, but both
of the issues are already present in Campbell’s concept. For one, according to Michell,
measurement is concerned with numbers as relations or ratios between the magnitudes of
attributes, numerals are needed only as words, they are not essential. True, it is not self-
evident to establish ratios among spoken number words, tin plate street numbers, play cards
and digits on seven-segment scoreboard displays. But, of course, we regularly use numerals
while measuring, and there is no problem with it, as long as we use them systematically.

What is more, there is also a reason to defend Campbell’s numerals as subjects of assign-
ment beyond his own considerations on the status of numbers. We can regard numerals
as arbitrary symbols by which we represent some datasets compiled as results of our mea-
surement procedures. Now we can never take as granted that these datasets or even their
idealized infinite expansions will bear the same structure as, say, the field of rationals. That
is, numerals have different meaning when we assign them for measurables, than when we
use them as symbols for mathematical objects. This is one of the main morals of this and
the upcoming sections.

Michell’s other point is that measurement is about discovery and knowledge, and cannot
be simply regarded as the assignment of symbols. But generally, nothing prevents us from
trying to convey this knowledge by the act of assignment.
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When creating nominal scales, one simply links a number to an object.
We can arrive to such scales by establishing equality between certain objects,
or by simply numbering the players on the football field. Note however,
that in this latter case it is far not clear what the ”equality” of player 7 in
a team and player 7 in b team lies in. Along the same lines, my example
above is a measurement by definition, though the common number of the
prime minister’s boots and one of the newscasters’ mistake is not a product
of our observing equality between them but of mere chance. No problem
with it, may the operationalist reply, only we may find that these use of
numerals convey little information. According to Stevens, this kind of scale
has scientific relevance in examples like giving numbers for occurrences of
an event or classes of objects because of some practical considerations. To
bring an example from the practice of sociology, we use a nominal scale when
assigning numbers to personal entries as, e.g., codes for nationalities—even
if I would be reluctant to call it measurement.

The mathematical structure of scales are to be characterized by the per-
mitted transformations. In case of a nominal scale, this structure is given
by x? = φ(x), where φ is one-to-one correspondence. This means that labels
(which are numerals in this case) can be replaced, provided that things hav-
ing the same label so far get identical labels, things having different labels
before get different ones. The only statistic middle that can be applied to this
kind of scales is mode, that is, we can pick the most frequent element.

Ordinal scales exhibit an a ≤ b relation on their values. The Mohs-scale for
the hardness of minerals, mentioned in 2.2 on page 13, is often referred to as
a typical example. According to this, m and n minerals are standing in m ≤ n
relation, iff m can be scratched by n.59 Many psychological measurements
are said to belong here, like the ones dealing with the strength of sensations.
Likewise, this kind of scale characterizes the grades in school and data-sets
as the one arrived at by asking interviewees to mark their contentment with
the achievements of the government on a ten-degree scale.60 The allowed
transformation is x? = φ(x), where φ is any monotonic increasing function.
Here, median can also be applied as a statistical tool, i.e., we are allowed to
pick out the middle element from a finite data set, the one dividing it into
two equal upper and lower part.

59The example would be really apt only if we could guarantee the transitivity and con-
nectedness of the scale, which we cannot.

60Though, as we will see, further problems arise with the preference or sensation scales.
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Scale
Type

Operation Structure Statistics Examples

Nominal Determination
of equality

Unordered
set struc-
ture (=)

Mode
Number
of cases

Numbering of
football players
Nationalities

Ordinal Determination
of greater or
less

Ordered
set (<)

Median
Percentile

Street numbers
Contentment

Interval Determination
of the equality
of intervals or
differences

Affine line Mean
Standard
deviation

Temperature
(Celsius)
Birth dates
Density

Ratio Determination
of the equalities
of ratios

Field Harmonic
mean
Logarithms

Length
Temperature
(Kelvin)
Working hours
for a Big Mac

Absolute Determination
of how many

Positive
integers

Identity Relative fre-
quency

Figure 4.1: Levels of Measurement62

We talk about an interval scale when we have units, that is, when we can
establish the equality of intervals or differences. This level is already consid-
ered as quantitative in an everyday approach as well. Temperature scales,
Celsius or Fahrenheit, are usually mentioned here as examples, however, as
we have seen, it is not at all trivial that we could meaningfully talk about
the equality of the intervals on these scales. Some say that the measure-
ment of intelligence also exhibits an interval scale (or a near interval scale),
but this sentiment is hard to defend.61 I would rather offer the example of
dates (measured from an arbitrary point in time), or direction in degrees on
a compass.

62After Stevens, 1946 and 1959.
61For a vivid and rather controversialist history of IQ measurement, see Gould, 1996.
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The characteristic mathematical transformation here is x? = ax+ b, so that
a > 0. The formula for the conversation between Celsius and Fahrenheit
scales provides a good illustration: F = 1, 8C + 32, where F stands for the
given temperature on Fahrenheit and C on Celsius scale. At this level many
statistical tools can be applied, but not those presupposing an absolute null.

The scale type just described is only one case for an interval scale, call it
linear interval scale. But one can also specify so called logarithmic interval
scales, where the differences between certain ratios of attributes are quanti-
fied. Here, the allowed mathematical transformation is x? = axb, where a > 0
and b > 0. We could bring here the example of such derived magnitudes
as density, or fuel-efficiency as dependent on the ratio of fuel-consumption
(volume) and the covered distance (length).

The ratio scale is stronger than interval scale by the above mentioned
absolute zero. Many of physical measurements are on this level, thus the
measurement of length, mass or even temperature on Kelvin scale (if we
are convinced of the potential equivalence of differences). As for an exam-
ple from the social sciences, measuring how many hours a worker have to
work to earn enough for a Big Mac in different countries could be possibly
mentioned here, though one may complain that the conceptual clarity of this
example is far less than that of the ones from physics—not to mention the
technical questions of measuring.

Since the units of measurement are conventional, the allowed transfor-
mation is multiplication with a constant, x? = ax. At this level we already
have the full range of statistical tools at hand.

It is common to supplement this list with the so called absolute scale,
where the unit of measurement is not arbitrarily chosen. Think of exam-
ples where pieces of something is measured eventually, such as in the case
of measuring probability (as relative frequency), or the amount of Pirese63

citizens in certain administrative datasets. On this level only the identity
function is applicable as a mathematical transformation.

As a closing note for the outline of measurement levels, it is worth a
mention that Stevens’ system was extended or modified several times by
several authors during the times. For instance, Mosteller and Tukey (1977)
offer an improved system of levels with better fit for some scales used in sci-
entific practice, such as probability or percentage. Chrisman (1998) presents
a taxonomy more in line with the practice of cartography. As these sys-

63A fictive nationality made up for surveys on xenophobia in Hungary.
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tems carry little additional philosophical interest, I stick to Stevens’ original
achievements in this text.

4.3 Operationalism

To appropriately assess Stevens’ contributions, it is worth taking a look on
their ideological context. No doubt, logical positivism had a major impact
on Stevens’ views, and also, by no means independently of the former,
operationalism. Stevens, as an advocate of logical positivism, often attended
discussions and conferences featured by prominents of the Vienna Circle. He
had high opinion about Carnap’s book The Logical Syntax of Language (1937);
and he especially cherished the thought that mathematics as encompassing
nothing but tautologies (i.e. analytic statements) cannot be caught in act in
observations, but rather shapes the framework of experience (Michell, 2007,
p. 84). Building on this general background, in his work as a practicing
scientist he relied heavily on the operationalist principles.

Operationalism (or operationism, in the psychologist’s terminology) was
regarded by the logical positivists as the practitioner scientist’s version of
their doctrine—at least initially.64 This ”ism” has its origins in Percy Williams
Bridgman’s book, The Logic of Modern Physics (1927). Bridgman, a Nobel-
winner physicist studying high-pressure processes, maintained that the only
way for us to know the meaning of a concept is to have a way for measuring
it. As Chang (2009) notes, this view is deeply rooted in his own experiences
as an experimental physicist: by reaching higher and higher pressures the
so far applied measuring equipment crashed, thus newer and newer ones
had to be made up. He also payed special attention to Einstein’s special
relativity theory. Here the story begins with a special method for ascertaining
simultaneity between events far away in space by sending light beams. Thus
we arrive at a new concept of simultaneity essentially different from our
usual ways of ascertaining simultaneity between events happening in the
same place (i.e. ”very close”).

Bridgman draws the example of length to show that we must face serious
difficulties concerning even such prosaic concepts. His point is that we can
meaningfully talk about different orders of length only with respect to their
measurement procedures. Thus, measuring a wall with a measure tape,
microscopic objects by an eyepiece reticle, interstellar distances in light-

64See Hempel, 1956.
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years by some sophisticated speculations on spectrum shift all constitute
different length concepts. Bridgman allows the possibility to call all of these
quantitative concepts by a common name, length in this case, if the different
procedures are congruent on the overlapping ranges, i.e. theyprovide similar
results. But it is only a shorthand, we must always be aware of the different
concepts based on the different measurement methods, otherwise we may
easily fall into pitfalls. For instance, extending the concept of length to
the atomic or subatomic range without having an appropriate procedure of
measurement would be simply meaningless. It is not clear what we should
mean by the ”inside” of an electron, or by the distance of two particles; after
all it is not clear what do we mean by length in this realm.

What Bridgman highly appreciated in the spirit of Special Relativity was
the insight that we must reinvent our basic concepts in the light of the
respective empirical operations. Likewise, he was broadly content with
the development of quantum mechanics, where reflections on measurement
procedures play a central role in the theory. On the other hand, remaining
sternly faithful to his own convictions, he criticized General Relativity for its
”uncritical, pre-Einsteinian point of view,”65 dealing with concepts without
immediate operational interpretation.

It is indeed spectacular that Bridgman’s operationalism has a spirit akin
to logical positivism. According to the latter, aside from the analytic state-
ments of logic and mathematics conceived as mere tautologies, only those
statements can be regarded as meaningful, which are available for empirical
confirmation—at least, in theory. For the empiricist, meaning is constituted
by the state of affairs where the given statement is true. For the operationalist,
meaning is determined by the actual procedures of measurement. Moreover,
it seems Bridgman also walks hand in hand with logical positivism when it
comes to the demarcation problem. He writes: ”many of the questions asked
about social and philosophical subjects will be found to be meaningless when
examined from the point of operations. It would doubtless conduce greatly
to clarity of thought if the operational mode of thinking were adopted in
all fields of inquiry as well as in the physical” (Bridgman, 1927, pp. 30-32).
In a sense, this approach is stricter than that of logical positivism. For the
latter in principle verifiability is a sufficient criterion for meaningfulness, but
Bridgman presses for concrete procedures.66

65Cited in Chang, 2009.
66Interestingly, Bridgman also has something common with Dummett’s view on the dif-

ficulties around getting rid of our metaphysical habits. Bridgman held that to adopt the
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Now it is clear that this skinny and strict version of operationalism,67 as
it became increasingly clear for the logical positivists themselves, is hardly
tenable for several reasons. First, many morals from the recent develop-
ment of philosophy of science teaches us that scientific theories are full of
unoperationalizable (theoretical) concepts, and our observations themselves
are theory-laden.68 That is, not every useful concept is operationalizable and
theories cannot be avoided when measuring. In fact, Bridgman did not deny
the use of theoretical concepts, he required only from a theoretical system
to touch empirical operations somewhere. However, his insistence on the
operational foundations of concepts and skepticism about closing up opera-
tionally different concepts were trivially at odds with a need for conceptual
unity. Hempel (1966, pp. 91-97) insisted that an operational proliferation of
concepts is not only practically problematic but leads to the fragmentation
of science. According to him, concepts constitutes the knots in the network
of scientific knowledge linked together by the threads of theories. Scientific
progress often requires the reconsideration of theories, which goes hand in
hand with that of concepts. The inflexibility and plurality of operationally
defined concepts thus are against the very nature of science.69

Second, not unrelated to the problem above, it also seems to be rightful
to insist that operational procedures cannot exhaust the meaning of a con-
cept. To begin with, they fail to give meaning for theoretical concepts and
substances: only the properties of electron have meaning, not the concept
of electron itself.70 Not the least, were there no more to the meaning than

operationalist point of view requires immense change in our thinking and thus brings
around major difficulties. Moreover, practicing this approach so diverged from the main-
stream may result in social inconveniences even in a simple discussion on the state of affairs
with a friend—well, it may indeed be annoying to demand an operationally firm meaning
for every term—and may finally lead to isolation and misunderstanding. As Chang (2009)
implies, he sort of foresaw his own fate in his later career as isolated and misunderstood in
his thoughts.

67When one takes on the task of assessing Bridgman’s operationalism, she has to face a
special problem: it is not easy to tell what does it consist of exactly. Bridgman was not
entirely systematic in his thoughts, maintaining somewhat incoherent claims during the
times. For many authors a basic task is to reconstruct his achievements as a forceful system
(see Gillies, 1972, pp. 6-8, Chang, 2004, pp. 148-152, Chang, 2009). Here I omit this issue,
and give only a brief summary of the main objections against his views without assessing
the soundness of the understanding they are based on.

68Hanson, 1958.
69Chang, 2009.
70”[I]t fails to impart meaning to substantive concepts that is, concepts related to entities

that are regarded as the carriers of operationally determinable qualities or quantities. To
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measurement operations, it would be non-sense to talk about the validity
of these procedures. We would have to take them as they are, and regard
them as mere tautologies.71 (It seems to me, Stevens willingly bites this bullet
when he defines measurement as numerical assignment by any rule.) What
is more, we must face an awkward issue with semantic values also: what
is it for a statement on measurement results to be false? If a quantity is
no more than the way we measure it, how can we regard a measurement
result faulty?72 This suggests that no definition whatsoever is able to fix the
meaning of a concept. All they can do is just constrain it in specific contexts.
As Chang (2009) put: ”measurement operations provide only one specific
context in which a concept is used, operational definitions can only cover one
particular aspect of meaning.” But the meaning constarined by operational
definitions seem to be too narrow for even in scientific discourses: hardly any
language users will agree that the definitions length1, length2, length3, etc., i.e.
the definitions based on the currently available procedures will exhaust the
meaning of length. In fact, operational definitions are neither necessary nor
sufficient for meaning.

In addition, one can also raise issues about the exact nature and the
publicity of the operations themselves. One may rightfully ask what qualifies
as an operation and what not. And why? Bridgman himself sketched a
classification, where mental and ”paper-and-pencil” operations also count.
But this account encompasses so much that it flirts with triviality. On the
other hand, qualifying laboratory measurements only is way too restrictive.73

As Chang (ibid.) notes, a much more fine grained analysis of operations
would be needed.

Not unrelated, we may ask how to understand a result of measurement?
Can it be verified or checked? As it turned out long after his major work
(Bridgman, 1927) had became seminal, he was a stiff methodological in-
dividualist (many even accused him of solipsism). He maintained that in
”checking and judging,” as part of the operations constituting meaning and
knowledge, a scientist cannot rely on anyone else but himself. Bridgman
in his pressure experiments can only rely on Bridgman: the operations are

illustrate this latter point: it is possible to define, in terms of instrumental procedures, the
charge, the mass, and the spin of an electron, but hardly the electron itself.” (Margenau,
1956)

71Gillies, 1972, p. 6-7.
72See more on this in chapter 9 on page 127.
73Margenau, 1956, p. 39.
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private. With this, he seriously deviated from logical positivism with its
relentless quest for the ideal of protocol sentences, conveying personal ob-
servations to the highest possible objective availability.74

In any event, social scientist, and especially psychologists of the time
found the spirit of operationalism liberating75 and it still has a major impact
on these disciplines today.76 It is somewhat understandable. For the behav-
iorists, e.g., building strict quantifiable concepts instead of the pre-existing
sloppy ones accounted for by uncertain introspection was vital, and finding
the proper philosophical grounds for this was a blessing.

Among behaviorists ”perhaps the most aggressive promoter of opera-
tionism”77 was Stevens. To be sure, with Stevens, social scientist endorsed
a version of operationalism more radical than that of Bridgman in many
respects. Building his experimental work on auditory sensations on appro-
priate methodological grounds, he argued that discriminative, observable
reactions to physical stimuli can be regarded as the measurable indicators
of private experience. According to him, ”to experience is, for the purpose
of science, to react discriminatively” (Stevens, 1935, p. 521). Interestingly,
behaviorists’ shipping away form individual experience was far not after
Bridgman’s own heart. This fact may shed some light on why he ”washed
his hands of” Stevens (Chang, 2009). Nevertheless, we can suspect that this
was by no means his only reason.

As to his theory of measurement, Stevens’ positivist-operationalist incli-
nation is spectacular. First, he generously ”liberated” Campbell’s definition
of measurement—measurement is the assignment of numerals to objects or
events according to scientific laws—from all of its ”fripperies.” For him, any
rule fits for the assignment, since, along with the logical positivists, he held
that no mathematics is included in our observations, formal rules, as human
inventions, constitute the framework of experience. Thus, our assignment
conveys no natural structures, it is structure generating itself. It means that
when we talk about the empirical operations of determining equality, more

74See e.g. Neurath, 1932.
75Indeed, the word ”operationalism” (or ”operationism” in its original form) itself was

coined by the renowned experimental psychologist, Edwin Boring. (Chang, 2009)
76There is no consensus on the assessment of this fact in the contemporary literature.

For instance Bickhard (2001) (in his refletions on Grace (2001)) regards it as a curse for the
methodology of psychology, while Feest (2005) argues that the operationism of the practicing
scientist is misinterpreted as a theory of meaning or knowledge, thus the arguments that it
fails as such and such a theory miss the mark.

77Chang, 2009.
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or less, equal differences etc., as required by the establishment of the rep-
resentational rules described in chapter 2, we do not determine (exhibit) the
specific relations between objects or events pre-existing out there, but we de-
termine (stipulate) them ourselves (Michell, 2007, pp. 84-87). In other words,
the specifics of a certain scale lie in the particular measurement operations
we apply.

This approach immediately cuts short the worries of the methodological
physicalists on the measurability of certain concepts of psychology. Concepts
are defined by the very measurement operations. Hence the meaning of
psychical qualities (i.e. their scientifically meaningful concept) lies in the
way we measure them.

4.4 Invariance and Meaningfulness

One does not have to endorse Stevens’ dubious definition of measurement
in order to see that his theory of scale types is an important step in the
right direction. Overlooking now the terminological question of what can be
rightfully regarded asmeasurement andwhat not, an analysis of the structure
of data acquired by our empirical procedures is of great importance. It is
vital to see what is the conveyable meaning of the symbols used during
measurement as assignment, and also to understand what is implied by the
results. That is, our understanding of scales has immense methodological
consequences, independently of whether the peculiarities of the scale types
lie in our abilities (or inabilities) of setting up the proper procedures, or in
the ”real” nature of the observed qualities.

Stevens’ taxonomy of scale types suggests the following considerations:

(a) Invariant properties clearly determine a given scale type.

(b) A given scale type clearly determines what can be meaningfully said
based on the measurement data, what statistical tools can be legiti-
mately used on it.

Let me begin with clarifying the first point. In the axiomatic tradition
(discussed in the next chapter in detail), by a scale we mean a function from
a data structure to a numerical structure. Scales fall into different types ac-
cording to their invariant properties. That means that invariant properties
present necessary conditions for a type membership. Taking the above de-
fined meaning of the scales with their intended properties (say, they have
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specific domains, namely empirically established structures), invariance is
also sufficient for setting up a scale type.

By invariance we mean a system’s staying constant in some of its prop-
erties under a given set of transformations. A symmetric image reserves its
patterns when mirrored by its symmetry axes; the relative positions of the
letters remain the same on a book page after it is turned; and the structure of
data gained from some series of temperature measurement stays the same be
the values recorded in Fahrenheit or in Celsius. The image is invariant under
an appropriate mirroring, the page layout under turning, the temperature
scale under unit choice.

This latter observation is well in line with our intuitive understanding
of measurement. May there be hot disputes on the conventional elements
in our measurement procedures, no one questions that our unit choice is
arbitrary. It is thus comforting to see that the outright conventional traits
are vanished in a definition of a scale type. Of course, not all of the scales
involve units. So, it is interesting to see what invariance lies in, what are
the preserved properties and what are the eliminated contingencies for the
elements of the above taxonomy of scales.

As mentioned above, nominal, or classificatory scales are invariant under
every one-to-one transformation. Here, to put it in a figurative way, class
labels are preserved as essential to the scale type, but any constraints on the
concrete titles on the labels are dropped, save that they must be different.

An ordinal or order scale is invariant up to every monotonic trans-
formation. We do not even have to stipulate that these transformations
are monotonic increasing, as Stevens did. Monotonic decreasing func-
tions also do well. Consider a finite order with the assignment of natu-
ral numbers, and a function so that f (0) = 2, f (1) = 3, f (2) = 5, . . . , i.e.,
the function assigns the nth prime to the nth element. But observe that
f (0) = −2, f (1) = −3, f (2) = −5, . . . , i.e., ordering the negative primes respec-
tively to the elements of the original scale does the job equally well, in the
sense that, e.g., f (n) will always be between f (n− 1) and f (n+ 1). In general:

f (x)R f (y) iff xR?y.

It follows trivially that the transitivity, irreflexivity and totality properties of
the original order scale are preserved:

If f (x)R f (y) and f (y)R f (z) then f (x)R f (z);

If f (x)R f (y) then not f (y)R f (x);
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For every x and y on the scale S, f (x)R f (y) or f (y)R f (x).

This reveals an important fact. Not only the actual distances between the
numbers used on an order scale are arbitrary, but the ”direction” of the scale
too.

A similar note is in order in regard with interval and ratio scales. Accord-
ing to Stevens, a characteristic transformation for an interval scale has the
form f (x) = ax+ b, and the form f (x) = ax for a ratio scale, since here we have
a fixed zero point which cannot be modified. It is also assumed that a > 0.
But we do not need this latter restriction, equal intervals are preserved even
if are ”mirroring” these scales. However, we may like to avoid zero length
intervals, and insist that a ? 0. But the moral is the same as before: in theory
nothing prevents us to assign lower and lower numbers to higher and higher
temperatures; the ”direction” of the scales is arbitrary. Despite all of these
observations, we will stick to increasing functions in what follows, in line
with the mainstream literature.

Finally, we have not yet accounted for measurement on the absolute
level. Absolute scales are invariant up to identity, every other transformation
”ruins” them. When we measure (count) how many votes are devoted for
the different parties in a ballot-box, our assignment of numbers is by no way
arbitrary (though the numerals to represent them may well be).

As I indicated above, these transformations are not only characteristic in
regard to a scale type, but definitive. A scale type can be regarded as a class
of certain individual finite scales arrived at by the appropriate measurement
procedures. Now we can say with Patrick Suppes that scale types can be
informally defined ”as a class of measurement procedures having the same
transformation properties” (Suppes, 2002, pp. 114-115).

Being so, invariance properties may also be suitable for identifying the
given type of a given scale at hand. And it immediately leads us to our next
challenge: meaningfulness. Let me reconstruct Suppes’ example here (ibid.,
pp. 110-111) with some modification. Suppose a psychologist who maintains
that people’s obtained scores on a test, S(a), gives an ordinal ranking of their
intellectual abilities, iaa. Suppose further that the psychologist also records
the age of each person tested, A(a). Now, his hypothesis is that scale gained
by dividing score with age, iqa = S(a)/A(a) also gives an ordinal (but age-
compensated) measure of abilities, that is, whenever iaaRiab then iqaRiqb, and,
of course if iqaRiqb then f (iqa)R f (iqb), for everymonotonic transformation. Let
us have the following data: S(a) = 3, A(a) = 7, S(b) = 7, A(b) = 12, S(c) = 7,
A(c) = 7. Thus we have:
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iqa =
3
7

iqb =
7
12

iqc =
7
7
;

that is: iqaRiqb, iqbRiqc and iqaRiqc. Now consider a monotonic increasing
function ϕ, running on the denominators, which carries 3 to 6 and 7 to 8.
This is a quite legitimate transformation, since the numbers as denominators
represent data on the order scale. Now we have:

ϕ(iqa) =
6
7

ϕ(iqb) =
8
12

ϕ(iqc) =
8
7
;

that is: ϕ(iqb)Rϕ(iqa), ϕ(iqb)Rϕ(iqc) and ϕ(iqa)Rϕ(iqc). It is easy to see that
the original structure is not preserved by ϕ, i.e. the truth value of the
hypothesis is not invariant under this transformation.78 But an empirical
statement involving quantities can be regarded as meaningful only if its truth
value is invariant under the appropriate transformations characterizing the
respective scale type.79

Realizing the methodological significance of meaningfulness, Stevens
clearly warns against the ”illegitimate” use of statistical tools. As we have

78Suppes’ example is snappy because it reflects a highly debated issue of psychometrics
with long history. Indeed, S(a)/A(a) meant the very definition of intelligence quotient,
IQ, given by the German psychologist William Stern at the dawn of the twentieth century
(see e.g. Gould (1996, p. 180)). Though modern approaches diverge from this definition
considerably, the characteristics of IQ scales still remained controversial. I diverged a bit
from Suppes’ account, however, not the least because I find his using the term ’IQ’ for
intellectual ability as distinct from S(a)/A(a), i.e. the very definition of IQ, confusing.

79It is worth observing that order scale for the iqa = S(a)/A(a) quotients could have been
provided by a stronger premise. Namely, if we stipulate that S for the scores instantiates
an interval scale. Indeed, it is generally stipulated by the students of intelligence (e.g. the
common ”calibration” of an IQ scale requires standard deviation—a statistical maneuver
without any meaning on an order scale), despite the lack of any empirical evidence that any
kinds of data on abilities would exhibit an interval scale.)
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seen above, he does not only utters a clear warning, but tries to identify
those tools which can be meaningfully used on a given level of measure-
ment. For instance, when a social scientist measures some preference in a
given population on a ten-degree scale, usually she has no reason whatsoever
to presuppose that the differences between the pairs of neighboring degrees
instantiate equal intervals. Therefore, it is not legitimate for her to conclude,
say, that the interviewees like custard pie at a 5.36 points average—meaning
the mean of the data by average. She can conclude, nevertheless, that they like
it at 6 points average, meaning by this the mode of the data (6 was the most
popular choice); or she can conclude that they like it at a 5 points, meaning
by this the median of the data, i.e. the middle point of the individual pieces
of data ordered in a series.

It sounds nice. But unfortunately enough, when statisticians face a bunch
of numerals, they inclined to regard them as genuine numbers and they are
ready to use all the methods generally used on numbers. They tend to
be regrettably agnostic about the origins of their data, and thus the very
meaning of the number-like symbols populating their database. Even when
faced with this fact, they may shrug: ”the numbers don’t know where they
came from” (Lord, 1953).

Psychologists, social scientists and statisticians likewise never liked the
idea of statistical temperance. Despite all of these methodological minutes,
the statistical armature produce results, they would say. We are not fool to
tie our hands because all of these abstract theoretical reasoning. (See e.g.
Velleman and Wilkinson (1993).) This attitude may well sound familiar. It
refaces again and again wherever critiques of prevailing scientific practices
are presented on theoretical or methodological grounds. Spearman theo-
retical considerations on mental abilities were received adversely by mental
test practitioners.80 Social scientist, though often uncertain in their meth-
ods, usually firmly reject any theoretical observations endangering their free
exploitation of their usual ways.81

Psychologist also brought complaints against Stevens’ very typology:
they said it was not exhausting. They found that the theory of scales has an
imperfect connection to the real world, for real measurement scales rarely
exhibit the properties of a certain scale type perfectly—one often has to
work with ”intermediary” scales in some sense. In particular, some of them
insisted that the most psychological data lay ”somewhere between” order

80See ibid.
81See e.g. Shulman and Shapiro, 2009.
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and interval scale. (Though, sadly enough, they usually failed to bring the
evidence.)

Indeed, by a closer examination it becomes clear that the taxonomy is
not exhausting. Consider, again, Mohs’ scale of the hardness of minerals we
met at the end of section 2.2. It is not a hazy purple fiction at all to suppose
a collection of minerals C with pairs of samples so that they do not scratch
each other; that is:

There exist x and y in C so that not xRy and not yRx.

Supposing, naturally, that there are also pairs in relation we have arrived to
a partial order.82

This is a clear example for a scale missing from Stevens’ list, but there
are a good deal more. Louis Narens gives a formal account of scales and
scale types, and tries to unearth the inherent causes why only certain scale
types are favored by science despite the endless possibilities (Narens, 1981b).
Also, our next section on the axiomatic approach reveals that the potential
universe of measurement is stunningly immense, and only a tiny part of it is
explored. But it will also be clear, that purely a more comprehensive, more
carefully built theory would hardly be the medicine to the social scientist’s
pains on measurement.

82In fact, Mohs’ scale renders samples not scratching each other into the same hardness
class. In this setup we may well find that some samples will belong to different classes at
the same time—again a tricky traverse in front of linearity.
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Chapter 5

The Axiomatic Approach

Axiomatic measurement theories have a long history. Their origins go back
to Hölder (1901) or maybe even to Helmholtz (1887). All the more surprising,
that the approach gathered real ground only after the watershed volumes
of Foundations of Measurement (Krantz et al., 1971 Suppes et al., 1989 Luce,
Krantz, et al., 1990) in the 70s and 80s.83 Without doubt, these results are of
immense importance, some downright describe them as revolutionary (Cliff,
1992, Michell, 2007). Nevertheless, the high hopes ”to inject these ideas into
the mainstream of the behavioral and social sciences, just as was done with
statistics,”84 cherished by the pioneering scholars—mostly behavioral and
social scientist themselves—eventually failed to come true. The reasons are
complex and will be explored in the upcoming sections in some detail.

Empiricist theories aim to provide the link between empirical proce-
dures and abstract numerical structures through the rules of measurement.
These theories fail, however, in providing any ready receipts for these pro-
cedures—not the least because they may differ considerably from case to
case. Furthermore, the empiricist concept of measurement is uncomfort-
ably narrow. By contrast, the axiomatic approach reveals a stunningly wide
perspective for measurement, but, as a trade-off, it moves its focus from
immediate empirical operations to the structures.

Students of axioms of measurement willingly endorse the claim that we
assign numbers to the attributes of objects and events when measuring so to
represent the relations of this attributes properly with the numerical proper-
ties. These relations can be exactly described by the language ofmathematics,

83Other major works on the topic include Pfanzagl (1971), Roberts (1985), Narens (2007).
84Luce and Narens, 1981, p. 214.
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the measurement structures can be represented by axiomatic method. How-
ever, in reality, the order of things is reverse. First, axiom systems are worked
out with an eye on the typical or not so typical measurement situations. Then
the measurement theorist proves certain theorems, which reveal the relations
of the possible models for a given axiomatic theory to familiar mathemat-
ical structures. Finally, it is up to the practicing scientist to relate her data
to the available axiom systems, and, finding a match, to draw the allowed
consequences. Nevertheless, it may without doubt be annoying that raw
data rarely if ever matches with all of the axioms required by a measurement
system.

5.1 Extensive Structures

As mentioned above, one of the first axiom systems for extensive measure-
ment was given by the German mathematician, Otto Hölder (1901). He pro-
vides a theory for an abstract, continuous, unbounded quantity, naturally
instantiated by length. His concepts of magnitude and quantity is, unlike
Russell’s (1903), similar to the one tacitly adopted in this study. Hölder’s
system is characterized as follows.85 For a given quantity Q, its magnitudes
a, b, c, d, ..., and the classes of magnitudes A,B; and if for any three magni-
tudes a, b, c in Q, a + b = c iff c is entirely composed of two discrete parts a
and b, then the following axioms cover the system of extensive magnitudes:

(H1) For every a and b in Q one of the following is true:

(i) a = b (or equivalently b = a),

(ii) a > b (or equivalently b < a),

(iii) b > a (or equivalently a < b).

(H2) For every a in Q there exists a b in Q so that b < a.

(H3) For every a and b in Q there exists a c in Q so that a + b = c.

(H4) For every a and b in Q, a + b > a and a + b > b.

85After the testimony of Michell (2007).
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(H5) For every a and b in Q, if a < b, then there exist c and d in Q so that
a + c = b and b + a = d. 86

(H6) For every a, b and c in Q, (a + b) + c = a + (b + c).

(H7) For every non-empty A and B classes of magnitudes of Q and every a
in Q, so that

(i) for each a, a is in A and not in B or a is in B and not in A,

(ii) for every c in A and every d in B, c < d;

there exists a magnitude x in Q so that for every magnitude x? in Q, if
x? < x then x? is in A, if x? > x then x? is in B.

The intuitive meaning of these axioms can be given as follows. (H1) states
that two magnitudes are either the same or different in that one is less than
the other. (H2) ensures that there is no least magnitude. (H3) is that every
magnitude is additive, so that the addition of them always results in a third
magnitude. (H4) says that all the magnitudes are positive. (H5) assures us
that difference and sum is defined for every pair of non-identical magnitudes.
(H6) is that the addition of magnitudes is associative. Finally, (H7) ensures
continuity by stating that no subclass of magnitudes with an upper bound
has a least upper bound.87

Hölder proved that every magnitude in his system is measurable relative
to any magnitude of the same continuous quantity, and eventually, that
the realizations (i.e. models) of his axioms are isomorphic to the additive
semi-group of reals. Unarguably, this is a strong result. Too strong, indeed.
From a mathematical point of view it may describe an ideal structure for a
magnitude, e.g. length, but not a structure for measurement operations. The
theory can never be tested. Neither can we have a measuring rod arbitrary
small, nor can we have a set of rods so to always have a magnitude between
any two magnitudes however close. Not to mention satisfying the continuity
property.

86Michell gives the following axiom here: ”For every a and b in Q, if a < b, then there exist
c and d in Q so that a + c = b and d + a = b.” But that seems to be erroneous, the last part
should be b + a = d as stated above, and as it is confirmed by the intuitive interpretation of
the axiom (given in the main text).

87Note that this axiom, hardly by chance, highly resembles the so called Dedekind cut, a
method for constructing real numbers (Dedekind, 1901).
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Again, as Patrick Suppes (1951) points out, Hölder’s system has a prop-
erty too demanding for a theory suitable for empirical test in itself, namely,
it is categorical. It means that its every two models are isomorphic; and, as
we have seen, also isomorphic to a very strong structure. Suppes mentions
another defect: Hölder treats ’=’ as the symbol of logical identity instead
of using it for an equivalence relation properly axiomatized. Even when
finding by measurement that the length of a whale is the same as the height
of the national opera, we would be reluctant to regard the two properties as
identical. And with good reason: they are properties of different objects dis-
tinct in space, we may be aware of the limits of exactness of our operations,
errors in data etc.

These problems lead Suppes to set up a new axiom system for extensive
measurement (ibid.). It goes as follows. Let S = ?A,?, ◦? be a structure so
that A is set with the elements a, b, c. . . , ? is a partial order on the elements,
and ◦ is an operation (which can be called concatenation). We can define the
following by the ? relation:

(i) a ≈ b iff a ? b and b ? a,

and

(ii) a ≺ b iff a ? b and b ? a.

These bi-conditionals immediately make clear that equality is not treated
as a logical constant, but defined by the only operation of the system. Now,
the axioms of extensive measurement are the following:

(S1) If a, b and c are in A and a ? b and b ? c then a ? c.

(S2) If a and b are in A then a ◦ b is in A.

(S3) If a, b and c are in A then (a ◦ b) ◦ c ≈ a ◦ (b ◦ c).

(S4) If a, b and c are in A and a ? b then a ◦ c ? c ◦ b.

(S5) If a and b are in A then not a ◦ b ? a.

(S6) If a, b and c are in A and not a ? b then there is a c so that a ? b ◦ c and
b ◦ c ? a.

(S7) If a, b and c are in A and a ? b then there is a number n so that b ? na.
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For the axiom (S7) we need to define what is meant by na. The definition
goes like this:

(iii) 1a =d f a and na =d f (n − 1)a ◦ a.

Intuitively, (S1) claims for transitivity, (S2) guarantees that we always
produces measurables by concatenation, (S3) asserts the associativity, (S4)
the monotonicity and (S5) the positivity of concatenation. (S6) stands for
solvability, i.e. it claims that there is always a concatenation for making un-
equals equal. Finally, (S7) along with its definition part guarantees that there
is an arbitrary unit for the measurement, and stipulates the Archimedean
property at the same time. The latter holds that there are no unmeasurably
small magnitudes.

Suppes made important contributions in settling a couple of terminolog-
ical issues. First, he introduced unique symbols for empirical relations and
operations as clearly distinct from mathematical ones. Obviously, empirical
and set theoretical structures are entirely different, and the very purpose of
measurement theory is to show their possible relationships. Second, he gave
some formal meanings to the terms quantity and magnitude. He called the
above system the system of quantities. Magnitudes, according to him, are
the equivalence classes defined by ’≈’, which is thus a partition on A. He
showed that while the system of quantities shows only homomorphy, the
system of extensive magnitudes is ”isomorphic to an additive semi-group
of real numbers, closed under subtraction of smaller numbers from larger
ones” (ibid., p. 169). He also proved that any such isomorphic semi-groups
are connected through a similarity relation.

But Suppes was not reluctant to take notice of some weak points of
his own system. His rather respectable conviction is that a good theory of
measurement must reflect a structure recognized in flesh and blood empirical
operations. Now, hardly any set of measures could be actually infinite in
practice, as A certainly is. Moreover general transitivity likewise cannot
be enforced in real procedures, since, and here we might recall Bridgman’s
sentiments,88 all of our instruments are limited in sensitivity, exactness and
scope.

The foundational project, initiated by Suppes himself among others,
which resulted in the volumes of the Foundations of Measurement, embraces
a general, comprehensive approach. The possible number of measurement

88See section 4.3 on page 62 on operationalism.
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systems is indefinite, still only three procedures of measurement lie behind
them (Krantz et al., 1971). Generally they will be quite familiar, still I describe
them here to indicate clearly the train of thoughts leading to an adequate ax-
iomatization.

The first one can be called as ordinal measurement. When measuring
ordinally, we apply some empirical procedure for matching certain attributes
to each other, lengths of rods, for instance. Concatenation, that is placing
rods end to end by a straight line, has no role in this setup yet, all we require
is a ϕ function assigning numbers the attributes so that a ? b iff ϕ(a) > ϕ(b),
where ? is the relation obtained by empirical matching, and > is an ordering
on the assigned numbers. The ϕ function guarantees, that if measuring c
we find that a ? c ? b, then the number assigned to c will fall between the
numbers assigned to a and b: ϕ(a) > ϕ(c) > ϕ(b). In Stevens’ terminology,
with this procedure we can realize a measurement on an ordinal scale—well,
if everything turns out right. For it can easily happen that we measure
that a ≈ b and b ≈ c, but a ? c (where ≈ denotes the relation that we did
not ascertained difference while matching x and y), but this would imply
according to the above lines that ϕ(a) = ϕ(b) and ϕ(b) = ϕ(c) but ϕ(a) > ϕ(c)
(where = denotes the equality of the assigned numbers, of course), and this
is clearly impossible.

Notice that here we are facing with the question of the infinite refinabil-
ity of measurement. All right, we can offer a good advise for these cases:
always take care of an accuracy for the measurement exceeding the order
of differences between the pairs of attributes. But to be in line with this,
we would have to obsess some preliminary knowledge about the order of
magnitude of these differences, which we could gain by some measurement,
in all conscience. We may assume further that (at least some of the) magni-
tudes are continuous, a fact triggering further questions (some were already
addressed in chapter 3 on page 39.

The second procedure is solving inequalities—here concatenation enters
the picture. It may happen, that we have a relatively small set of data and find
it impractical to apply standard sequences. Then we can set up a couple of
inequalities by matching the rods and their different concatenations against
each other. By solving them we can acquire numerical approximations on
the relative lengths of the rods.

For the third procedure type, let us make a quite strong assumption:
there exist perfect copies (of rods in this case). Let us regard those rods
as perfect copies of each other of which we cannot establish any differ-
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ence. This assumption give grounding for the procedure of counting units.
If a?, a??, a???,. . . are perfect copies, then we would like to assert the follow-
ing: ϕ(a? ◦ a??) = 2ϕ(a), ϕ(a? ◦ a?? ◦ a???) = 3ϕ(a) etc., where ◦ stands for
the concatenation operation. The authors (and Campbell) call the a, 2a =
a ◦ a?, 3a = (2a) ◦ a, 4a, 5a. . . sequence a standard sequence. Thus we have a
really strong tool: for any measurable b it can be asserted that for some n that
(n+1)ϕ(a) > ϕ(b) > nϕ(a). That is, be our standard sequence however chosen,
there is always an interval between the unit’s multiplication by an integer
and its multiplication by the subsequent of the integer where b is found. In
other words, any magnitude can be approached by an appropriately cho-
sen unit. Moreover, as units are conventional and arbitrarily chosen, it also
means that measurement can be infinitely precizified. (At least in theory.
There may well be physical contingencies that pick out a shortest possible
rod.)

The axiomatic approach aims to make explicit the assumptions we need
on the empirical relation ? and on the empirical operation ◦ in order to be
able to accomplish with the standard sequence procedure without contra-
dictions, in other words, to construct the additive and order preserving ϕ
homomorphism to the structure of reals. Thus, ϕ homomorphism is a map-
ping from the structure ?A,?, ◦? to the structure ?R, >,+?, where R is a subset
of the set of reals, R. A representation theorem for a given axiom system states
that there exists mapping from a given relational structure of measurement to
a such and such numerical relational structure. Hölder’s theorem states that
the ratios of a continuous quantity is isomorphic to the additive semi-group
of reals; the theorem proved by Suppes (usually honored also as Hölder’s
theorem) asserts the same for Archimedean property, which is weaker than
continuity.

In addition there is another theorem to beproved from the axioms: unique-
ness theorem in the Foundation’s terminology. This is to deal with invariance,
that is it gives the permitted transformation ϕ→ ϕ?, which, characterizes the
measurement procedure type (or if you like, the given level of measurement
in Stevens’ terms).

Let us now stay for a little more while with the extensive structures. It
is not without morals to see a refinement of the concept of extensiveness
through formal analysis. The systems for extensive measurement were fur-
ther advanced by several scholars, most notably Krantz et al. (ibid.). Here I
present a version of Luce and Narens (1981). Let X = ?A,?, ◦? be a structure,
where A is a non-empty set, ? is binary relation and ◦ a partial operation on
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A. X is an extensive structure iff the following axioms hold for every a, b, c
and d in A:

(X1) ? is a total ordering.

(X2) There exist a and b in A so that a ? b.

(X3) If a ◦ b is defined, a ? c and b ? d, then c ◦ d is defined.

(X4) If a ◦ c and b ◦ c are defined, then a ? b iff a ◦ c ? b ◦ c; and if c ◦ a and
c ◦ b are defined, then a ? b iff c ◦ a ? c ◦ b.

(X5) If a ? b then there exists c so that a ? b ◦ c.

(X6) If a ◦ b is defined, then a ◦ b ? a and a ◦ b ? b.

(X7) There exist a natural number n so that either na is not defined or na ? b,
where nx is inductively defined as by 1a = a, and if (na) ◦ a is defined
then (n + 1)a = (na) ◦ a.

(X8) If a ◦ (b ◦ c) and (a ◦ b) ◦ c are defined, then a ◦ (b ◦ c) = (a ◦ b) ◦ c.

A definition is missing: a ? b iff a ? b but not b ? a. Now, the first two
axioms make sure that while the relation is total, there are different magni-
tudes. The third axiom is an interesting one, because it implicitly reveals
that the operation is not necessarily defined for all of the element pairs of
A. However, once it is defined for a pair, it is likewise defined for the pairs
of the elements equal to or smaller than the original ones. (X4) claims for
the monotonicity of concatenation. (X5) stands for restricted solvability. It
is restricted, because instead of saying that there is always a magnitude by
which unequals can be made equal, it says something like: every magnitude
can be arbitrarily approached by the concatenation operation. (X6) is posi-
tivity: a magnitude gained by concatenation is always bigger than any of the
elements in concatenation. (X7) brings the Archimedean condition and the
definition of unit in one stroke. Finally, (X8) guarantees associativity.

In addition, if ◦ is a closed operation, that is:

(X9) whenever a ◦ b is defined, there is a c also in A so that a ◦ b ? c and
c ? a ◦ b,
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then X is a closed extensive structure. Such structures may be more in line
with our intuitions on real measurement procedures: we are inclined to
regard something gained by a concatenation of magnitudes a magnitude.

The other feature, by which this system is weaker than that of Suppes
(1951) is more important: ◦ is not defined everywhere on A × A, that is, not
every pair of magnitudes is concatenable. This solution takes account of the
operationalist concerns while preserving the conceptual unity of a quantity
with what we might even call causal elegance. We cannot really measure
either the diameter of a molecule or the diameter of the sun by concatenating
our same old set of rods, still we can regard the quantity length as one and
unique. Different measurement procedures define concatenation on different
elements, still we are working with the same set of magnitudes.

5.2 Hölder’s Theorem and Uniqueness

Here I will not provide a full proof for the representation and uniqueness
theorems of (any of) the extensive system(s) described above. These proofs
are provided for a broad family of measurement systems in Krantz et al.,
1971, Suppes et al., 1989 and Luce, Krantz, et al., 1990. Below I only state
these theorems and outline their proofs for a really simple system: finite
weak order (based on Krantz et al., 1971, pp. 14-17). This will do as an
illustration how things work in the formal realm of measurement theories.

Weak orders are immanent in a wide range of measurement system,
though not in all. For a weak ordered system it is enough to suppose that
we have a relation ? on a set A for which transitivity and connectedness
hold. (This implies that the relation is reflexive also.) These are really
basic properties which are fundamental for physical measurement. But in
measurements in social sciences they are often violated. For instance one can
prefer b over a and c over b (e.g. because of quality considerations), still she
may choose a over c (e.g. because of the too large price difference). Preference
is also prone not to be articulated for each and every pair of objects at issue.

We have two more requirements for our system to comply with: finiteness
and non-triviality. It seems to be a natural and realistic presupposition that
no dataset resulting from any measurement process could ever be infinite.
So finiteness is really an integral part of any realistic measurement theory.
However, infinite systems may be worth studying for theoretical interest.
For one may suppose, say, that real systems’ behavior tends to resemble to

81



the ideal ones on a long run. As for non-triviality, we simply assume that our
dataset is not empty.

Now, having our simple finite weak order system of measurement at
hand we can state our two theorems.

(Th1) If A is a finite, non-empty set and ? is a weak order on it, then there is
a representation function ϕ (also called as measurement procedure, or
scale) to a subset of reals with their usual order ?R,≥?, so that a ? b iff
ϕ(a) ≥ ϕ(b).

(Th2) ϕ and ϕ? are both representation functions for the system ?A,??, iff
there exists a strictly increasing function f so that f (ϕ(a)) = ϕ?(b).

When considering the usual relation ≥ of reals, one can realize that it has
(at least) another property beyond the ones listed for our weak empirical
relation: it is anti-symmetric, i.e. if a ≥ b and b ≥ a then a = b. A similar
assumption is far not trivial for empirical data: two records of the same value
do not have to be regarded as identical. Fortunately, every weak order can
naturally be linked to a total ordering. For this, we need to introduce two
new relations by definition as the symmetric and asymmetric parts of ? (just
as we have seen above):

(i) a ≈ b iff a ? b and b ? a.

(ii) a ? b iff a ? b and b ? a.

Now it is to be seen that the relation ≈ is an equivalence relation, i.e. it
is reflexive, symmetric and transitive. As such, it determines equivalence
classes: let us call a the equivalence class determined by a: a =d f {b | b ≈ a}.
The so determined equivalence classes create a partition on the set A, i.e.
split it into mutually disjoint subsets. The class of these equivalence classes
is denoted as A/≈.

If it is the case that a ≈ b, then, by the very nature of our representation
function to be constructed, it follows thatϕ(a) ≥ ϕ(b) andϕ(b) ≥ ϕ(a). Hence,
by the antisymmetric property it follows that ϕ(a) = ϕ(b). That is, every a
and b in the same equivalence class must have the same scale value.

Now let us introduce a new relation ?p on the elements of A/≈. What is
left is to construct a function ψ so that a ?p b iff ψ(a) ≥ ψ(b). Here, as our
partition is countable, and what is more, finite we can create our function
simply by counting. So let us choose ψ(a) so to pick the number of bs (where
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a,b ∈ A/≈) so that a ?p b. If it is the case that a ?p b, and there is a c so that
b ?p c, than also a ?p c by transitivity, i.e. c is counted for both b and a. It,
then, follows that ψ(a) ≥ ψ(b). On the other hand, if not a ?p b, then b ?p a
and b ? a; so there is a c counted for b but not a. Hence ψ(b) > ψ(a). By this,
(Th1) is proved.

Our uniqueness theorem—which would be more apt to be called in-
variance theorem—states that our system is invariant up to every strictly
increasing function. It is easy to see that if it is the case that ψ(a) ≥ ψ(b)
it is also true that ψ?(a) ≥ ψ?(b), if ψ?(a) = f (ψ(a)), where f is any strictly
monotonic, increasing function. If it is not the case that ψ(a) ≥ ψ(b), then
ψ(b) ≥ ψ(a), and then alsoψ?(b) ≥ ψ?(a) by the pattern above. We can observe
that transitivity is preserved, and it is somewhat trivial to realize without
going into formal details that no different values will be ”concurred” by f ,
since the strict property guarantees that all distinct elements in the domain
will have different image. What is left to show is that no weaker constraints
on f are enough to suffice as a uniqueness function.

We can weaken the constraints on f by presupposing that it is mono-
tonic, though, but not strict. In this case different ψ(a) and ψ(b) on the
domain may have the same image, i.e. f (ψ(a)) = f (ψ(a)). It then follows
that f (ψ(a)) ≥ f (ψ(b)) and f (ψ(b)) ≥ f (ψ(a)). But the latter should not be the
case. We supposed that a ? b so a function with the image ψ?(a) = ψ?(b) is
unacceptable. Hence our rough proof for (Th2) is concluded.

Of course, weak and total orders are among the most simple structures.
Proofs for the respective representation and invariance theorems can bemuch
more sophisticated. My intention here was only to provide some insight into
the theorem proving mechanisms of the measurement systems.

5.3 Some Remarks on the Axioms

Presenting scientific theories as axiom systems is a widespread practice
nowadays. Formal treatment helps to make clear what is and what is not
entailed by a theory, and thus, not the least, it provides more room for em-
pirical confirmation (or falsification). After Carnap, Szabó (2013) describes
a theory as an (L, S) pair, where L is a formal system and S is a semantics,
tying the consequences (theorems) of the system to the empirical facts of the
world. Let us now ignore the non-trivial questions of how semantics works,
and turn our attention what a formal system, i.e. L, consists of.
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L consists of a language, some rules of derivation and the axioms. Axioms
come in different groups, at least as long as their origin concerned. Let L be a
part of a physical theory. The first group of axioms is formed by those of logic.
Usually classical first order logic is concerned, and these axioms are often not
made explicit.89 A second group of axioms encompasses the mathematical
ones. This group may vary depending on the mathematics applied in the
given theory. Only after this can we construct the physical axioms, which
(together with the previous ones) grab (hopefully) every intended aspects of
the given physical theory. But finding the appropriate axioms, especially the
”empirical” ones, is not a trivial task at all. No stict method exists, we can
mostly rely on intuition and the ”method” of trial and error.

Szabó (2013) denies the essential differences between the axiom groups
above. Differences in their heuristic is also not a really convincing reason
for the grouping: the underlying logic and mathematics may well be revised
while shaping a theory. All in all, one may insist that sorting the axioms like
above is entirely arbitrary. Certainly, all of the axioms could be merged into
one by concatenating them with conjunction. So the number and style of
axioms is matter of taste, and serves only conceptual clarity. For instance, as
we have seen, (X1) simply calls for a total order in words, but, of course, can
easily be split into more elementary, more formal axioms, as total ordering
requires the transitivity, antisymmetry and totality properties ((X1a), (X1b),
(X1c) respectively):

(X1a) If a ? b and b ? c then a ? c.

(X1b) If a ? b and b ? a then a ≈ c.

(X1c) For every a and b, a ? b or a ? b.

Surely, less trivial examples could be drawn by making the hidden axioms
of logic explicit and combining them with the ”high level” axioms. But
anyhow, even if Szabó is right about the equal epistemiological status of the
axioms (of which I am not convinced),90 a properly structured axiom system
is inevitable for transparency and understanding.

89The underlying logic for some theories may go well beyond the classical one. For
instance, though Andréka, Madarász, and Németi (2002) strongly argue for first order logic,
they use a many sorted version, and even Henkin-style second order logic. Also, Hannan,
Pólos, and Carroll (2007) developed a sophisticated multi-modal logic for handling theories
in sociology.

90See Csatári, 2012.
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I would like to stress here, that not all of our underlying presupposi-
tions and inclinations are necessarily tracked even after the most elaborated
axiomatic utterance. Take Chang’s example of an ubiquitous ontological
commitment in context of measurement, the principle of single value: ”a real
physical property can have no more than one definite value in a given situa-
tion” (Chang, 2004, p. 90). Neither it can be squeezed from our axioms nor it
is stated as theorem. Interestingly, this metaphysical principle is still present
in the system: the very notion of function takes care of it.

While many of the axioms are products of tiresome scrutiny after the
intended stains of a theory, some of them are readily given. As we are in any
case after a representations theorem when talking about measurement, i.e.
a homomorphism into a subset of reals, some of the axioms are constrained
by the very nature of reals. Axioms (X1a), (X1b) and (X1c) are all necessary
in this sense. Natural ordering on reals has these properties. (Reflexivity is
also a necessary axiom, but it is implied by the total order, so there is no need
to state it separately.)

By contrast, other axioms are not necessary in this sense, but serve to
exclude trivial cases, limit the extent of the system or guarantee a fine-
grained structure for the empirical theory. Thus, e.g. (X2) ensures that there
are at least two elements in relation. Again, the requirement of finiteness
is a quite strict bounding of a given theory, but clearly a typical feature of
measurement data. Finitness is not always stated as an axiom, it may also
be given in the respective Hölder-style theorems, but it is just a question of
taste.

Existential axioms, like the solvability axiom (X5) provide example for
structural non-necessary axioms. Clearly, nothing guarantees that for two
elements in an arbitrary subset of reals we will always a third element exactly
bridging the difference between them. However, it is true for some ”natural”
subsets such as integers.

In most of the cases Archimedean property (X7) is also presupposed. It is
clear that this property holds for the additive field of reals, thus this axiom is
necessary for the systems homomorphic to it. What is strange that it needs
to be stated, i.e. it seems to be independent of the other axioms (Krantz et al.,
1971, pp. 25-26). All the more sad, this axiom has some quite unpleasant
properties. To see this, notice that the property can be reworded in the realm
of measurement structures as follows: every strictly bounded standard sequence
is finite. It is trivially true for finite structures, that is why it is a bit surprising
the the axiom is needed. On the other hand, there is no way to falsify it
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for infinite structures, because no one ever generated an infinite standard
sequence.

5.4 Variations on Axioms and Representation

A wide scale of structures of extensive or partial extensive features has been
studied during the times. Changing the properties or even the number of op-
erations and relations involved may reveal new systems of empirical interest,
but could provide new insights even into the previously well-known struc-
tures. Thus, e.g., it can be shown, that the generally supposed condition of
total ordering can be weakened to a reflexive transitive relation, and the rep-
resentation for additive reals can still be shown under some circumstances.
What is more, even an equivalence relation will do if the Archimedean axiom
is strengthened (Luce and Narens, 1981).

It is also of interest to see what happens when the Archimedean axiom is
abandoned. As mentioned above, it is a necessary axiom, so it is not surpris-
ing that such systems have no additive representation on the reals. However,
they have on different mathematical structures, e.g., on non-standard reals.
One may wonder how justly these representations could be called numerical,
and hence, whether there is a natural class of representations to be called as
measurement. I will address this point in the next chapter.

An important class of theories is constituted by the systems where the
conditions on the concatenation operation is weakened. Abandoning (X8),
associativity, we arrive at the class of positive concatenation structures. It is
shown that these systems show really strong invariance properties: when-
ever ϕ and ψ are representations and have the same range, and there is a
function f so that ψ = f (ϕ) has a fix point, then ϕ = ψ.

Weakening the properties of the operation further, we arrive at the inten-
sive structures. Here the main point is dropping (X6), positivity. (X7), the
Archimedean axiom must also be replaced by a variant. For some impor-
tant intensive structure (consider, e.g., the measurement of temperature), the
positivity axiom can be replaced by the following:

(Int) if a ? b then a ? a ◦ b ? b.

Empirical operations like this can be conceived intuitively as a kind of aver-
aging.
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It is to be seen thatmeasurement data are not necessarily one dimensional.
If this is the case, the underlying set is a Cartesian product of two or more sets.
It is natural to maintain that the relations and operation belonging to different
dimensions are different in nature. This train of thought leads to a realm of
structures of wide variety, many of them with useful morals especially for
measurement in behavior and social sciences. Below a relatively simple
system is considered.

5.5 Conjoint Structures

Let C = ?A × P,?, xy? a structure. It is a conjoint structure solvable with
respect to the element xy iff xy is in A × P and the following axioms hold:

(C1) ? is a weak ordering on A × P.

(C2) There exists ap in A × P so that ap ? xy.

(C3) For each ap and bp in A × P, if ap ? bp then there is a c in A so that
ap ? cp ? bp.

(C4) For each ap in A × P there exist b and q so that ap ≈ bq and ay ≈ xq.

(C5) For each a and b in A so that ay ? xy there exists a positive integer n so
that (na)y ? by; where na is defined inductively as follows: 1a = a and
na is defined and s is such that ay ≈ xs then (n + 1)a is some u so that
uy ≈ (na)s.

(C6) For each a and b in A and p an q in P;

(i) if as ? bs for some s, then ap ? bp,

(ii) if wp ? wq for some w, then ap ? aq.

(C7) ?A and ?P are total ordering on A and P respectively, where

(i) a ?A b iff for some s, as ? bs;

(ii) p ?P q iff for some w, wp ? wq.

An intuitive reading of the axioms can be given as follows. (C1) is, of
course, weak ordering as it rightfully assert of itself. (C2) is non-triviality,
there are different elements in A×P, which are not equivalent. (C3) states that
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the asymmetric part of the relation is dense. (C4) asserts solvability with re-
spect to xy and (C5) is the Archimedean axiom. (C6) is independence, stating
that a relation between two elements with one common component remains
however we choose that component. Restricting this way the relation to one
or the other component, (C7) guarantees that these derived relations are total
orders on the respective component sets.91

What conjoint structures are supposed to show is that we can measure
qualities or properties indirectly by the assessment of two (or more) compo-
nent the wanted quality depends on. But up to this point, it is no stunning
news. Of course, we can measure velocity by measuring its (definitive)
components: time and distance. The point is that in these systems we can
verify that the requiredproperty or the components are continuous quantities
simply by certain relational constellations, without having any meaningful
concatenation operation at hand. In other words, conjoint systems show that
quantifying certain non-physical qualities is logically possible. Moreover, they
reveal that whether a quality can be quantified is an empirical question.

Practically, this certainly means that the axioms must be verified on the
data. The independence axiom, (C6), also called as single cancellation is
one of crucial importance. Suppose that we are to measure thermal comfort,
supposing it to be dependent on the two components: heat and humid-
ity.92 Now if we found that higher temperature is always accompanied by
higher comfort however we choose humidity, and also, lower humidity is
always accompanied by higher comfort wherever we fix temperature, then
we could conclude that single cancellation axiom is satisfied by the measure-
ment data.93 If so, our system fulfilled a necessary condition for calling it
measurement.

But this condition is not enough, axiom (C7) must also be fulfilled. A ver-
sion of it, more apt for empirical tests on real data, is called double cancella-
tion axiom. It provides a means to identify relations across different levels of
the components, and would eventually require—not so surprisingly—for the
components to turn out to be quantities themselves. Only this could guar-
antee the quantification of the conjoint quality in question. However, coping

91It comes as no surprise that the range of representation for these structures contains
ordered pairs.

92Humidity can be understood in different ways: as a relative quantity related to the dew
point of the air on a given temperature expressed in percentage or as an absolute quantity
expressed in, e.g. gram/liter. I am not concerned with this difference here.

93Ignore the issue that the scale of temperature (and maybe even that of humidity) must
be bounded in some natural way in this measurement situation.
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with this axiom is still not sufficient, all the other axioms are needed with
special concern on (C4), the solvability and (C5) the Archimedean criterion.94

Summing up the main morals of the method of conjoint measurement
and the whole axiomatic project we can say that the approach encompasses
good insights from the classical and the operational accounts as well. There
are a broad family of scales rightly to be called as measurement, but the
given structure is to be empirically exhibited. It is a task of the practicing
scientist to find out what is the case for a specific attribute. The issue is
not logically necessary in any case, we work only with hypotheses always
subject to empirical test. The above theoretical results provide methods for
the scientist to accomplish her task: e.g., to find out if a quality satisfies the
conditions to be regarded as an additive quantity or not. As Trendler (2009)
rightly emphasizes, there is also an instrumental task: to develop measuring
instruments—but according to him that is always secondary to the scientific
task. I would inclined to say that the two tasks should go hand in hand: how
would one establish data on relations without the appropriate instruments?
Trendler (ibid., p. 582) writes quoting Michell (1999, p. 52) ”The first and
therefore most basic condition of quantity structure demands that ’any two
magnitudes of the same quantity are either identical or different’.” Now,
simply identifying equal levels of an attribute in different objects may require
sophisticated instruments (often, but not necessarily based on sophisticated
scientific theories).

Anyhow, Michell (1999, 2007) has apointwhenbringing the charge of neg-
ligence against the practicing psychologists and social scientists: it is really
widespread to regard measurable whatever object, attribute, phenomenon
at hand, simply by maintaining that measurement is nothing more than the
assignment of numbers. And once we have the numbers, we can add, divide,
average them however we like. There are efforts being made on the verifica-
tion of the quantitativeness of the attributes in many projects, still it is rather
the exception than the rule. The fact is that even these days, few are keen on
the tiring methodological issues of measurement in the ever-growing society
of behavior and social scientists.

Why is it so? One of my answers could be that though it is a valuable
asset to have research projects on solid grounds, this tiring activity may often
result in weakening theories, may bring non-sequiturs or meaninglessness

94I will not go into technical details here. A nice description of the practical applicability
of the principle of conjoint measurement with many example from behavior sciences can be
found in Michell, 1990.
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to the surface. In short, measurement theories may often turn out to have de-
structive rather than fertilizing effects on research projects, in contrast to, e.g.
statistics. But even if so, intellectual righteousness is a virtue justly pressed
for by Michell. On the other hand, it must be seen that the axiomatic ap-
proach itself has some features which may be unappealing for the practicing
scientist. I will explore some of them in the next chapter.
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Chapter 6

A Revolution Unrecognized?

There seems to be a consent on the fact that axiomatic measurement theory
never fulfilled its promises, never took the place in the practice of science
which it would deserve. In particular, it never induced the hoped compre-
hensive changes in the methodology of social sciences, the ”revolution” did
not occur.95

Nevertheless, it cannot be said that that the approach left science totally
intact. Roberts (1985) devotes a whole book for the applications of additive
structures only. Kahneman and Tversky (1979) fruitfully applied the ax-
iomatic approach in decision theory. It had major impact on several projects
in psychometrics, such as color theory or magnitude estimations, and also on
some issues in sociology such as merge of ratings.96 Of course, these studies
do not necessarily live on detailed axiomatic analysis. But, for sure, they are
keen on apt methodology and meaningfulness.

Still, the least we can say that the success is partial, the expected break-
through failed to come. In this chapter I will observe the reasons how such
a potential revolution could have passed unrecognized.

6.1 The Case of the Negligent Psychologist

It may be no exaggeration to say that Noel Michell (1999, 2007) drafts a bill
against the methodological practice of psychology (and in particular psy-
chometrics) when it comes to measurement, describing it as ”pathological”

95Cliff, 1992.
96Narens and Luce, 1993.
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(Trendler, 2009, p. 579). He finds that not only the quantitativeness of a psy-
chological concept is almost never tested, but this negligence is disguised by
a misguided measurement concept—the Stevensian one. The way out would
be to use the results of the axiomatic approach (e.g. conjoint measurement)
to show the quantitativeness of the observed quality at hand. However,
psychologists (and social scientists) have failed to realized the revolutionary
significance of these theoretical developments for their practice—at least so
far.

As we have seen, the axiomatic approach—built on solid mathematical
grounds—suggests that Stevens’ initiations on the problem of measurement
are valid. Nevertheless, his definition dissolves the concept of measurement,
and is quite apt for veiling methodological negligence. According to Noel
Mitchell, it is more than problematic that a Stevensian measurement concept
is still ruling in the realm of psychology and social sciences despite the fact
that a solid conceptual foundation was offered since that, and we already
have tools for deciding on the quantitativeness of certain qualities.97 In
itself, it is not an error to stipulate that certain qualities are quantitative,
but forgetting the need for the verification of the hypothesis definitely is. A
sorrowful fact: this error has already been integrated into the methodology
of social sciences. Sure, errors are frequent in the history of science, but
such a great carrier for an erroneous methodological approach may not be
common.

The explanation for the spectacular failure of the error correction function
of science, says Mitchell, is that the representatives of social sciences—let it,
unconsciously—added a new error to the original one: did everything to
veil it. Instead of facing with the unjustified hypotheses, they advertise their
quantitative discipline under the shields of the Stevensian definition.

It is not the case, however, that Stevens’ theory on the levels of measure-
ment and his definition of measurement are bound together for good and
all by some logical constraints. The first does not infer the latter. But those,
who accept these as a two-in-one solution, will not bother about justifying
the quantitativeness of a certain attribute anymore. Often they simply stip-
ulate that a given body of data is on, say, an interval or a ratio scale, and
finding that this stipulation leads to more or less reliable predictions, they
immediately assume that their ways are justified. True, Stevens’ definition is

97Despite his appreciation for the axiomatic project, to Mitchell measurablity and quati-
tativeness is characterized by the classical notion of Maxwell (1890): measurement is the
estimation of a magnitude and an arbitrary unit of the given quantity.
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rarely interpreted so that really any assignment of numbers can be regarded
as measurement (e.g. random assignment is often excluded), but many insist
that once somehow one got in possession of a rule, she does measure.

Though we have seen that Stevens definitely draws the lines for the
permitted statistical tools for a given level of measurement, he is seemingly
rather permissive with ”illegal statistizing.” He maintains that it is indeed
not so nice to use disputable tools, still, these methodological frivolities may
lead to fruitful findings, thus they can surely be forgiven.98 He was self-
consistent in his inconsistencies: in line with his methodological credo, he
would show some ”liberality” in his research himself. It seems, today many
social scientists regard their trespasses so venial that they do not even see
them as trespasses at all.

According to Mitchell, the Stevensian definition not only cuts the connec-
tion between measurement concept of quantitative sciences and mainstream
psychology, but blindfolds those who accept it. These scientists ignore the
need for the justification of quantitativeness. The Stevensian concept with
its inconsistencies blurs the methodological problem of measurement and so
to say ”rationalizes scientific negligence.”99

While mainstream psychology (and other social sciences) have been liv-
ing with the definition of Stevens for more than a half of a century now, a
”revolution” occurred: the development of axiomatic theory for measure-
ment. What is the reason, we could ask along with Mitchell, that the social
sciences are still reluctant to acknowledge this revolution?

Several answers are possible. Some say that the applied mathematical
language (the language of set theory) is unfamiliar to the psychologist or that
representatives of mainstream psychology apply entirely different methods
in their fields as the originators and supporters of axiomatic measure theory
on their owns.100 It is sometimes also mentioned that the useful applications
of the theory have little relevance for other fields or that even this approach
does not offer medicine for a major theoretical problem: measurement er-
rors.101 102

98Stevens, 1946.
99Michell, 1999, p. 20.

100Cliff, 1992, p. 188.
101Ibid., p. 188-189.
102Indeed, the question of errors is not a central topic for the measurement theorist—and

this is an admitted weakness of the project. However, error theories exist, e.g., one is outlined
in Kyburg, 1984. I will come back to this issue in chapter 7.2 on page 105.
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As I noted before, it seems to me that the reasons for the durability and
hegemony of the Stevensian views lie, at least partly, in their productivity.
Clear, it is easier to arrive at results (or maybe ”results”) with a less strict
methodology, provided that this less strict methodology is standard on the
given field of study, and thus the results are accepted by the scientific com-
munity. Methodological scrutiny is time consuming, and eventually not
rewarding, for the knowledge gained by hard work is though more well-
founded, it is surely less ”extent” than the knowledge gain by a sloppier
methodology. As there is a competition among research projects as for re-
sources as in productivity, the situation does not motivate embracing stricter
methodological principles. It is not an easy mission to persuade someone
to change her comfortable ways to a tiresome track with less promise for
fruits.103

Still, Mitchell insists, social sciences should change their ways. Social
scientists must abandon scientism, that is they should not try to prove all
the time that they are able to provide quantitative result just the same as
physics. They should admit that the applicability of a measurement concept
like the one of physics is limited in social disciplines. In return, they should
be proud of their many non-quantitative methods, where the applicability of
the quantitative ones cannot be shown. The world is complicated, there are
many complex attributes and it is not hard-coded anywhere that quantitative
methods should always be relied on.

Mitchell goes so far as to ask for intellectual righteousness. He finds that
the institutionalized practice of social sciences stands in the way of critical
methodological investigations—a fact undermining their mere claim for a
title as intellectual enterprise. Social factors drove social sciences to a point
where critical methodological questions cannot be addressed anymore.104

Scientific practice should rely on empirical testing of hypotheses, we should
not do with simply regarding those hypotheses true without question in
which our interest lies.

103Of course, a more thorough analysis would be in place to cover the board scale of cases
in different disciplines from pure science to policy-driven (and founded) surveys.

104We should take it a bit of a salt. Social scientist devote considerable time for method-
ological speculations.

94



6.2 The Case of the Unbuilt Bridge

It is hardly a surprising statement that when it comes to quantitativeness,
social sciences readily turn to the vast and rich armor of statistics. It is also
well-know, however, at least since Huff (1954), that these weapons are often
blunt or even much too sharp but awkwardly manageable, easily misusable
and sometimes self-dangerous. We can see an urge even in Stevens’ work,
however half-hearted, for taming statistics with proper considerations on
scale types.

Indeed, the relationship between measurement theories and statistics is
a bit complicated. Narens and Luce (1993) describe their affair by the fol-
lowing contrast (for the sake of simplicity): while ”statistics focuses mostly
on randomness, largely taking structure among variables for granted; [ax-
iomatic measurement theory] focuses almost exclusively on structure, largely
ignoring randomness.”105 Thus statistics and measurement theory represent
two different approaches to the same problem: the challenge of uncovering
”structure among variables in the presence of inherent randomness.”106

Social scientists willingly use highly sophisticated statistical methods to
find some order in vast and inherently random data. Factor analysis,107 e.g.,
is a popular tool for exhibiting patterns in huge, messy datasets. But once
the proper factors found, it is often stipulated that they instantiate an interval
scale, without any real investigation on the possible structure. It is ”taken
for granted.” Generally, this assumption is simply untenable.108

On the other hand, the measurement theorist assumes that the data ”sat-
isfy in one or more empirical interpretations,”109 and tries to find some kind
of numerical structure by which data can be represented. The axiomatic
description does not take notice of randomness and errors, rather it seems to
reflect some ideal state of affairs. But real data are seldom ideal. One could
ask for the help of the not so frequent error theories. It must be a major
concern, though, that a given bunch of raw data has an epistemilogically su-
perior status than processed data; it is ”what is there,” it is our first foothold

105Narens and Luce, 1993, p. 129.
106Ibid., p. 129.
107For an introduction to factor analysis, see Gould (1996) or Kootstra (2004).
108Without going into technical details, it is to be required for a main factor to be on an

interval scale that all of the great bunch of correlations involved in the analysis are linear.
Ask yourself: what are the chances for a single linear correlation?

109Narens and Luce, 1993, p. 129.
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providing a more or less direct link to nature (however we understand the
notion). That is why one should be very careful in ”taming” data.

Bridges, as Cliff (1992) puts, are hard to build for many reasons. Such
is the ”language” of the applied mathematics, the diverse methodology of
social research projects and the restrictive effect of methodological strictness
on productivity. But even if major linking works existed today, it would take
a long time to see there effects in the methods of a new generation of social
scientists.

6.3 The Case of the Unconductible Experiment

But there may be even more cloudy outlooks. Some say that measurement,
properly understood, is simply impossible in social sciences.

According to Trendler (2009), an attribute is measurable if it satisfies
the conditions for being a quantity, exactly as the paradigmatic physical at-
tributes, length, weight etc. do. The only question we can meaningfully
ask about psychological (or other) attributes whether they can be measured
in this sense. This sense is certainly stronger than that of axiomatic mea-
surement theory, since it brings back the concept of quantity of the empiricist
approach, while the axiomatic theory does not lay much stress on this notion.

Trendler recites Michell (1999), and his warning that to decide whether
an attribute has a quantitative structure is an empirical question—it is never
logically necessary. The ”scientific task” of verifying a quantitative structure
is rarely trivial, because the observable relations between objects (e.g. one
piece of marble balances the other) and the relation between magnitudes
(their equal weight) are logically distinct.110 That is why, ”we cannot take for
granted that equal levels of some manifest variable necessarily correspond
to equal levels of some latent variable, but we must ascertain by experiment
that this really is the case.”111 (Emphasis mine.)

Of course, establishing equality is just a first step. We also have to verify
equal differences and possibly a meaningful concatenation concept, exactly
as the empiricist account of measurement requires via its rules of measure-
ment. And all there is at hand for all this work is experiment, nothing else,
Trendler would say.

110Michell, 1999, p. 70.
111Trendler, 2009, p. 584.
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There are two major tasks an experiment must deal with. First, in an
experiment we must independently manipulate agents to see the manipu-
lation’s effect on the observed phenomenon. Second, the experiment must
hold disturbances, i.e. agents and phenomena that are not objects of the
given observation, under its control.112 For all this we need a (most prob-
ably artificial) apparatus, which allows for independent manipulation and
isolation. The view that science should progress by actively intervening into
natural processes (through experiments) rather than passive observation is
called the Galilean revolution by Trendler (2009, p. 587).

It comes as no surprise: ”if psychological phenomena are not dependent
or cannot be made to depend on a manageable set of conditions, then they
are not measurable.”113 No doubt, it is true that psychological (and social)
phenomena are responsive to certain kinds of manipulation. It is also a fact
that psychology does conduct experiments. But this all is hardly enough to
show qunatitativeness. Generally, it is already a problem to establish equal
levels of a psychological quality.

Trendler concludes:

[P]sychological phenomena are not sufficiently manageable. That is,
they are neither manipulable nor are they controllable to the extent nec-
essary for an empirically meaningful application of measurement theory.
Hence they are not measurable. In my view no substantial progress
will be reached in psychology until we accept psychological phe-
nomena as they really are, namely in their natural ”muddled”
state. It might be cold comfort, but physicists would find them-
selves in the samehopeless situation if theywere not to be allowed
to construct apparatus. (ibid., p. 592) (Emphasis original.)

The (Galilean) revolution never happened, and cannot happen in psychol-
ogy. Psychologists (and in general social scientist) must find other, non-
quantitative methods to achieve progress in their fields.

No wonder if this conclusion sounds somewhat familiar. Indeed, it is very
similar to that of Ferguson committee in the thirties (see 4.1 on page 52). The
committee’s manifestation triggered Stevens’ operationalist answer there-
after. Then, it remained to the axiomatic theorists to make good use of
Stevens’ ideas in building a strong theory with mathematical rigor.

112Trendler follows Maxwell (1890) in his account of experiments (Trendler, 2009, p. 585).
113Ibid., p. 590.
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Ferguson psychologists and also Stevens were accused of dissolving the
meaning of measurement by using new and sloppy concepts of it. This
criticism was, to a great extent, legitimate. But axiomatic theorists did a lot
for clarity and conceptual soundness. Reverting to an eighty years conclusion
after their work does not seem to be rightful.

Moreover, we well may have reason for not to be content with Trendler’s
concept of experiment. In particular, what is sufficiently manageable is not
clear-cut. As we have seen, Regnault sufficiently managed his thermometers
without any elaborated theoretical background. Such reliance on congruent
phenomena is open for social sciences also.

What we see here is the same old story of different concepts. Trendler
regards the empiricist measurement concept as the only legitimate one. Ac-
cording to this, the rules of measurement are genuine scientific laws as con-
ceived by natural sciences. The measurement concept of the axiomatic ap-
proach departs from this, no doubt. But why not? Concepts are not fixed for
good and all. Transcending them is sometimes called progress.

6.4 The Case of the Annoying Officer

Talking about the limited success of axiomatic theories, I would add some
further points to the list above. First, we could ask what does exactly the
axiomatic measurement concept encompass? Where are its boundaries, i.e.
what ”counts as” measurement and what not? Second, how ”telling” a
representation is, what is its real added value to know the exact structure of
data?

The notion of measurement is, of course, vague—just as almost every
concept.114 It is vague even under an axiomatic account. Here, the concept
of measurement is characterized by a theory (an axiom system using a formal
language) and its model’s homomorphisms. Having feasible empirical in-
terpretations of the primitives in our language, the models instantiating our
system are homomorphic to some numerical structure. But what do we mean
by numerical (an epitheton ornans in the axiomatic literature), and why do we
need this restriction at all (if it is a restriction)? Do we regard partial ordered
sets as ”numerical?” Hence, is establishing some partial empirical relation
or possibly some quite weak operation a measurement? Again, derived and

114Possible exceptions may be concepts fixed for the sake of a given ”formal game.”
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conjoint structures involve models with ordered pairs (or n-tuples). Are they
”numerical?”

Assume that we can drop the attribute ”numerical,” and we can freely
talk about simply ”mathematical” structures instead, i.e. abstract set theoret-
ical structures—which may well be in line with the intention of the students
of axiomatic theory.115 Suppose further that we have some dataset with com-
plex, but axiomatically describable features. Now, the models of our theory
will not be homomorphic to any of the structures usually associated with
numbers. Will the involved empirical procedures count as measurement?

Consider the theory of complex networks as worked out by Albert and
Barabási.116 The authors analyzed many different networks from World
Wide Web through cellular and phone call networks to citations and Holly-
wood actor collaborations. Through examining large datasets they had to
”measure” these networks, i.e., account for ”nodes” and connection between
nodes to exhibit their topological features. That is how they found some
interesting common features of them: e.g. they are all small worlds (in the
sense that there is always a relatively short path between node pairs), scale-
free (i.e. follow power-law distribution, which in practice means that they
exhibit relatively few but rather heavily connected ”hubs”) etc.

Now it is tempting to set up an axiom system with proper empirical
interpretations on these datasets. It might not come to us as a surprise
that the models of our system will show homomorphisms to certain graph-
theoretical models. But we may acknowledge this fact with a tiny bit of
discomfort. The thing is that graph-theoretical considerations are deeply
involved in the very theory; all of its major findings are graph-theoretical
assertions.

To make it clear, I would willingly admit the above situation as measure-
ment. But now the question is, what would we gain with an axiom system
for this kind of measurement? One could readily answer that we will have
a warrant that we made no mistake and our empirical procedures are really
reflecting the intended structure. But honestly, we would be a bit surprised
if it did not, and we might even be prone to blame the axiom system.

While axiomatic measurement theory may be immensely useful and fer-
tile in certain cases, it may be dumb and annoying in others, just like some
customs officer claiming for a third copy of each certificate. No wonder that

115A clear indication is that the second volume of Foundations (Suppes et al., 1989) is largely
devoted to geometrical representations.

116See e.g. Albert and Barabási (2002)
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some scholars find the whole project inefficient. As Zoltan Domotor put sar-
castically: axiomatic measurement theory is ”the enterprise of poliferating
boring corollaries to Hölder’s theorem.”117

This verdict is without doubt excessive and unjust. Nevertheless, even
occasional impressions of triviality may make the axiomatic theory unap-
pealing and may well add to reasons of its lack of real success.

117Cited in Michell, 1999, p. 198.
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Chapter 7

Uncertainties

The axiomatic account of measurement, one might feel, creates the impres-
sion if measurement systems were neat, well-behaving, predictable struc-
tures. Nothing could be farther from the truth. The impression immediately
vanishes once these structures are set against flesh and blood empirical pro-
cedures and data. At this point uncertainties enter the picture.

Uncertainties come from different sources and in various guises. First,
there is the old problem of confirmation and, not unrelated, some specific
issues of confirming the axioms for a certain kind of measurement by data.
Second, there is the issue of measurement errors, i.e. uncertainties intrinsic
in the empirical procedures, be them systematical or random. Third, the
disunity or vagueness of concepts also add their share to uncertainties, espe-
cially in the realm of social sciences. These uncertainties might be handled,
at least to a given degree, but cannot be eliminated. Let alone, they cannot
be ignored. One dealing with empirical tests of theories or hypotheses must
always keep an eye on them.

7.1 Confirmation

Rudolf Carnap made an important conceptual distinction by differentiat-
ing between statistical and logical probability.118 By the first he meant the
so called frequentist interpretation worked out by von Mises (1939) and Re-
ichenbach (1949). To this view probability is nothing else than the relative
frequency of the favorable events in a given event series; or rather, the limit

118See e.g. Carnap, 1966, pp. 19-39.
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of this frequency on a long run. This approach gets rid of the vicious circle
intrinsic in the so called classical approach.119 Gamblers might not welcome
this view as they needed prompt estimations instead of time-consuming ex-
periments, but Carnap found this concept quite apt for scientific purposes,
and indispensable in the description of phenomena of statistical nature.

Entirely distinct from this, based on the works of Keynes (1921) and
Jeffreys (1939), Carnap argues for a different but equally legitimate notion:
logical probability. This latter accounts for the degree of confirmation. So while
statistical probability is an empirical concept describing states of affairs in the
world, logical probability describes the relation between linguistic entities:
a hypothesis and a confirming (or disconfirming) statement of evidence.

Carnap began to develop a formal system for handling this kind of proba-
bility in his 1950, and worked out a solution for simple languages. New puz-
zles and paradoxes of induction, however, like Goodman’s120 or Hempel’s121

119The probability of a favored event is determined by the number of the equipossible cases.
But the obvious interpretation of equipossible is equally probable...

120Goodman’s famous riddle is the following (Goodman, 1955, pp. 72-81). Let us call
something ’grue’ if it is examined before a certain time t and is green or not examined until
a certain time t and is blue. Now how would or empirical data on some green emeralds
observed before t confirm the following hypotheses?

Every emerald is green.

Every emerald is grue.

Goodman identifies projectible predicates and non-projectible ones and also law-like state-
ments and non-law-like statements. The main problem is how to distinguish them. Anyhow,
what can be seen for sure is that the confirmation of a hypothesis ”depends heavily upon
features of the hypothesis other than its syntactical form.” (ibid., pp. 72-73)

121Hempel’s paradox (or the raven paradox) was first worded by the Polish mathematician
Janina Hosiasson-Lindenbaum (1940). (Thus Hempel’s paradox, later indeed popularized
by Hempel, is a nice example of Stigler’s law: nothing is named after its inventor. It worth
noting that according to Stigler’s testimony, Stigler’s law is also an example of Stigler’s law,
being invented by the sociologist Robert K. Merton (Stigler, 1980).) The paradox goes like
this. Consider any law-like generalization, for instance:

All ravens are black.

Formally:

∀x Rx ⊃ Bx.

Now, this hypothesis is confirmed by each black raven. The problem is, that the above
expression is logically equivalent with the following:
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fatally weakened the position of his approach. It became clear that inductive
logic cannot be formalized the way deductive logic can be, simply because
the validity of the inductive inference cannot be judged by its mere form. All
in all, confirmation can only based on the symbiosis of our ever changing,
ever interacting ”practices and standards.”122

In short, while trying to confirm our axiom systems, regarding individual
axioms as hypotheses, we must face the fact thatwe do not have strict, formal,
let alone automatic methods at hand, we must rely on our experiences,
common sense, and practical considerations. In addition to this, preliminary
investigations show some special problems about the confirmation of axiom
systems as theories of measurement.

Many of these problems are related to the fact that existing datasets are al-
ways imperfect in the sense that they lack some of the ideal models’ features.
To begin with, they are always finite, whereas axioms systems usually have
infinite models. Of course, we can guarantee finiteness by the axioms. But
even having finite systems, some of their interesting properties may hardly
be confirmed.

Consider measurement on cyclic scales, e.g. time measurement on a 12-
grade dial. Suppose naturally that our units can always be divided into
subunits. As it happens, it will be derivable from our axioms that for our
any two readings, however close to each other, there is a (potential) reading
between them. It is definitely not against our intuition about the progress of
the clock hands. This property, though, can never be satisfactorily confirmed,
be our dataset of actual readings however rich.

A major problem is that while certain axioms are quite easy to confirm
or disconfirm other may well resist to trying.123 Take an axiom granting
transitivity, for the sake of simplicity (S1):

(S1) If a, b and c are in A and a ? b and b ? c then a ? c.

Now suppose we have a rich record of measurements on some relative
property of a bunch of objects, among them x, y and z. According to the

Everything that is not black is not a raven.

∀x ¬Bx ⊃ ¬Rx.

But this is confirmed by each non-black non-ravens, e.g. by all snowmen—a result, though
not really a paradox, stunningly counter-intuitive.

122See Hilary Putnam’s foreword in Goodman, 1955, pp. vii-xvi.
123Krantz et al., 1971, pp. 28-30.
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records, we found that y is, say, brighter than x, and z is brighter than y, still, x
is brighter than z. Suppose we found similar results for other triples also. In
this case we can conclude that a measurement theory involving transitivity
is (to a great extent, to a high probability etc.) disconfirmed by the available
data.

Now take the Archimedean axiom:

(S7) If a, b and c are in A and a ? b then there is a number n so that b ? na.

Disconfirming this axiom is much more problematic. For not finding the
proper n for a given triple does not mean that such an n cannot be exhibited
at all by the measurement procedure instantiated by the data.

One might say that finding no refuting objects provides a kind of confir-
mation for the hypothesis (and thus for the theory),124 and many are inclined
to follow this principle in practice, indeed. Not to mention that we may not
be better off with ”positive” confirmation either. Take, e.g., the axiom for
solvability:

(S6) If a, b and c are in A and not a ? b then there is a c so that a ? b ◦ c and
b ◦ c ? a.

It is clear, that confirming this axiom can be hard even on not too large
datasets. First, simply there are too many cases which cannot be checked
within reasonable time. Second, even finding unresolvable cases does not
automatically mean a refutation for the axiom, we may simply blame or
”chosen” data (set of objects) for a given measurement procedure. To put
it in other way, a set of data may be large enough to have a check on it for
a property in reasonable time. On the other hand, a set of data is almost
always too small to include a ”solution” for every pairs, for instance.

In practice, as Krantz et al. (1971, pp. 30-31) note, scientists—those who
happen to dive into such activities at all—tend to be generous while ver-
ifying axioms. Non-necessary axioms, for instance, are rarely tested. By
necessary axioms, as explained above, we mean those simply entailed by a
homomorphism to the required mathematical structure—most commonly to
some substructure of reals. Non-necessary axioms account for more subtle,
contingent features as finiteness, or even solvability. No doubt, the problem
of the confirmation of the solvability axiom is easily circumvented by not
testing it at all.

124Just as Popper (1935) famously insists.
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It may even happen, that while all of the axioms (hypotheses) are con-
firmed (to an acceptable degree), there is still a consequence of them which
fails to agree with the data—a further knotty problem. How could it hap-
pen? The thing is that all of our confirmations are partial, at best they can be
asserted with a rather high probability. But we can never reach the certainty
of deductive inference. What is a consequence of an axiom system is a de-
ductive consequence of it and it can easily be imagined that imperfect data
violates some inferred feature on a long run.

Despite this, it could be a good feedback to test some consequences of
axiom systems. But how to choose from the infinite many implications?
Sure, complexity is a living criterion: we will choose from the simplest ones
and not from the ones of immense complexity. For which we have no reason
whatever beside mere practical ones.

All that is too familiar, one might say. It is well known that perfect veri-
fication is never viable, we must do with confirmations of different degree,
but here we are just facing with the same old questions: how do we know
that an axiom is ”confirmed enough?” Let alone: how do we know to what
extent is an axiom confirmed? Neither in numerical terms, nor for sure can
we tell this. All we can rely on is our practical ways aided by some sober
considerations on theories and instruments. But that does not mean that the
task of verification can be taken lightly, to the contrary, it needs tiresome and
careful work to give our best guesses.

7.2 Measurement Errors

The inescapable questions of measurement errors are by no means indepen-
dent of the general problems of empirical confirmation. It is commonplace
that errors cannot be avoided, they are immanent in every kind of empir-
ical data. When dealing with errors, one tries to make estimations on the
reliability of data; and knowing how apt the data are is inevitable for valid
inferences. Not the least an appropriate account for errors may be vital for
choosing between theories—even if one’s taste draws her away from talking
about confirmation. In spite of the importance of this question, the literature
for measurement errors is relatively poor.125

125Interestingly, Krantz et al., 1971, p. 13 make a false reference for a probably never
written chapter of Foundations on errors. However, the opus does account for ”errors”—as
threshold representations (Suppes et al., 1989, pp. 299-383).
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Let us begin with Thomas Kuhn’s visual illustration on what he calls
the textbook account of measurement (figure 7.1 on page 106). I reworked
the picture a bit so to fit in better with the recent trends in fashion.126 The
essence is the same: according to the textbook story, the data describing the
initial conditions are digested by the theoretical machinery, which produces
numerical output in the end. These numbers are then put against other
numbers flowing from empirical procedures (measurement, that is). A ”rea-
sonable” agreement is a positive test for the theory of question. No one is
after a perfect agreement, because nature is messy and a theory can never
take account of all factors, and because our instruments are imperfect. In-
deed, too perfect agreement is often regarded as a sign of scientific fraud. But
according to Kuhn, measurement rarely if ever play the above confirmatory
role in journal science (which is more reliably reflects what scientists do).
Rather, it has major role in the quite rare scientific revolutions by indicating
the anomalies in the prevailing theories. But generally, during the normal
course of science, measurement serves as a major tool of ”mopping-up,” the
theoretical consolidation after revolutions.

Figure 7.1: Kuhn’s Textbook Model of Measurement

Though he refrains from dealing with the more mundane functions of
measurement (consider, say, that the initial conditions can also be produced
by measurement), Kuhn’s sentiment seems to echo well in the theories of

126Find the original image in Kuhn, 1961, p. 163.
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measurement errors. What I reconstruct here is a theory ofHenryElyKyburg,
but there seem to be a wider consent in the literature on sharply distinguish-
ing between two kinds of errors.127 Systematic errors reflect discrepancies in
theory choice; in the face of these errors more fitting language (axioms sys-
tem) can be found for the empirical data. When measuring distance with a
laser beam with nearby objects of immense mass, a theory taking account of
gravitational force is more in place. Systematic measurement errors indicate
anomalies better than anything else, thus play an immense role in swapping
theories, hence in scientific discoveries. By contrast, random errors can be
seen as a kind of noise in the data stemming mostly from our (necessarily)
imperfect measuring methods and instruments, and possibly also from the
vagueness of the concepts describing measurables (see the next section). But
how to identify the nature and source of errors, and thus, how to bet on a
proper theory is not an easy question to answer.

In chapter 5 on page 73 we have seen how the systems of measurement
procedures can be accounted for as formal theories, and how their numeri-
cal representations can be established. Sure, when taking account of errors,
things get more complicated. According to Kyburg (1984, p. 185) for ev-
ery given relation in a theory we should stipulate a distinct, corresponding
relation on the empirical data. Thus we have:

(a) R, a relation instantiated in the models of our axiomatic theory.

(b) R∗, a relation instantiated in the empirical data.

(c) Rm, a relation on a mathematical structure homomorphic to the models
of the given axiomatic theory.

The issue gets even more complex when trying to give account of indi-
rect measurement—and most of our measurement procedures are indirect.
In this case we must introduce a further relation for the quantity measured
indirectly. Systematic measurement, i.e measurement based on scientific
laws—the most noble of measurements in Kyburg’s hierarchy—requires
even more corresponding relations depending on the number of the involved
quantities in the theory.

Now it is clear that R and Rm are linked by their structures being homo-
morphic. By what links R∗ to R? The latter is taken to be a relation imposed
by the axioms, which, as such, can never ever be observed directly (not even

127See e.g. Berka, 1983, pp. 196-198.
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in principle). The observable relation is R∗. But homomorphism, of course,
cannot be guaranteed for their corresponding structures. As an example,
take R to be equality (in the sense that magnitudes in relation cannot be
differentiated by the relevant procedure). Equality is taken to be transitive
in most of the measurement systems. But in real, large enough datasets
transitivity is often violated. It is a typical feature where errors are to blame.

How to reckon with this situation? As for a less dramatic approach,
Suppes et al. (1989, pp. 300-301) try to handle the issue by offering several
legitimate ways to live with the crux of intransitive empirical data. First,
and this looks like a really easy road in any event, one might say that the
inference leading from observational data to theories is surely an interesting
problem, but a practical one, out of the scope of the theorist. Another
approach—a bit more hardworking one—is to develop a statistical tool to
handle discrepancies in empirical data. One can work out, e.g., a theory
where parameters are introduced for denoting the relative frequency of x
being greater than y in consecutive measurements: P(x, y). These parameters
may be well used to ”adjust” empirical data to the model. According to a
third temper, discrepancies could well serve as nice information sources in
many cases: as ”errors” may be interpreted as insensibility for nuances.
The Foundations works in the spirit of all these possibilities: among the neat
formal systems for relative frequency parameters and insensibility it largely
ignores the untidy staff of practical error handling.

Kyburg, on the other hand, as an advocate of the second approach, also
keeps an eye on practice, and tries to give an account of error handling which
is theoretically sound but, at the same time, calculates with the arbitrariness
of practice. Regarding that he deals with philosophy rather than applied
mathematics, he is right: practical issues indeed seem to be an integral part
of the story.

Kyburg (1984, pp. 186-187) introduces a language, L, for the ”ur-metacorpus”
of quantitative observational reports. The corpus consists of infallible and
unrevisable records—or protocol sentences in the vocabulary of a long gone-
by age:128

The fifth measurement of the magnitude x yielded ru;

128Interestingly, Kyburg denies the possibility of such infalligible senteces at another place
(Kyburg, 1984, p. 234)
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where by r we mean a real number,129 and by u we mean a unit for the given
quantity. The one above is not the sharpest form of a protocol record, but I
will not discuss here (and I do not really have a strong opinion on) how such
a sentence should look like.

From this it follows with zero probability that:

The value of magnitude x is ru;

which is bad news. However, goes Kyburg’s consolation, we can also infer
from the record with a probability close to 1 that

The value of magnitude x is between pu and qu;

where the p and q are also reals and r is an element of the interval [p, q]; and p
and q are chosen aptly. What is more! It also follows (at least so Kyburg says)
that

The value of magnitude x is r?u;

where r? is real number in the interval of [p, q] different from r.
Clearly, the arguments forR∗ consist of r-s and the arguments forR consist

of r?-s; but now the problem is, instead of relating relations, how to have a
clue on the relation between r? and r, at least, in statistical terms. Or, in other
words, how to determine the [p, q] interval. To do this, Kyburg says, we need
to accept some principles of statistical, practical and moral nature (however
surprising is the latter).

As an actual dataset is always limited relative to a model of an axiom
system, we cannot, e.g., make infinitely many measurements, we need to
accept aprinciple, whichwe can call theprinciple of similarity or theprinciple
of statistical inference or the distribution principle.130 This guarantees that a
sample will always be similar to the whole population in important respects.
In particular:

(i) The relative frequency of a given type of error E is basically the same
in the sample and in the whole population.

129We rarely use others than rationals in measurement reports, but we should by no means
exclude this possibility. We may easily let someone report a result as

√
2u. (See chapter 3

on page 39 on this issue.) Well, she may even use hyper-complex numbers, but let us keep
things simple.

130Kyburg, 1984, p. 91.
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This is a rather strong principle, I think, and we have some reasons to
distrust it. I am not after the very uncertainty lying at the heart of the
whole ”inductive statistical inference” issue. Rather, consider the particu-
lar problems of measurement in different conditions, or in different orders.
Reading an equipment in different light conditions, or even before lunch or
after lunch, or measuring very little or very large magnitudes may well yield
different error distributions. It is rather bold to presuppose that our sample
will take care of all these departures in distribution. But all right, let us now
go on with the simplified picture.

We need another principle to guarantee that we do not choose the margin
of error (interval) too wide. That is why we have to state our practical
minimum rejection principle:131

(ii) We should not admit more errors in our data than what we are obliged
to admit.

This principle is not what we expect for in a methodological context. First,
it is explicitly of moral nature, and second, in itself it sounds rather vague.
Indeed, Kyburg goes on to sharpen it. In regard with measuring length, he
states:

[A]ll the judgments in the set might be in error. But to assume this
would be gratuitous. So let us take the frequency of error to be the
least we must assume in order to reconcile the set of judgments
with the axioms for an extensive structure. (Emphases original.)

In the context of length, this principle sounds somewhat plausible. Now
consider it for an arbitrary structure of magnitudes: when assessing data, we
must have a forehand conviction about the underlying measurement theory.
Without this we cannot take account of the errors, since our bet on the margin
of error depends on how much should we ”adjust” the data to be in line with
the axioms of the very theory. When we are tired of consequently failing
with the adjusting project, then we can drop the theory and start looking for
ones with better fit.

No doubt, Kyburg’s account nicely ties a theory of error handling to
theory choice, or, if you like, scientific discoveries. And also leaves us with a
good deal of questions. For instance: how would I presuppose any theory in

131Kyburg, 1984, p. 91.
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a more complex measurement situation? When facing with a large dataset
of psychometric research, how would I choose my theory? In these cases,
often the very question is what is our scale like. Or, what if there are many
theories within the reach of basically the same effort in data adjustment?
How should I choose one? True, practice usually answers these question
easily: once a scientist has a theory in mind, she never lets it go—so to
say. Still, a theoretical approach should provide some reasons beyond mere
inertia.

On a final note, be the nature of the problem however out of the scope
of this text, I cannot escape to ask: whence the moral principle of minimum
rejection? On might think it must come from a leading authority if along
with it someone is bold enough to revise what is readily given by nature.

7.3 Unsteady Definitions

To illustrate how inevitable uncertainties are, Taylor (1997, pp. 3-4) gives
an everyday example: a carpenter plans to install a door, and to do this,
first he needs to know the height of the doorway. While improving his
methods from pure-eye estimation to using a measuring tape and finally a
laser interferometer he gradually boosts his precision, i.e. reduces the margin
of error—eventually to the order of the length of the light wave. But however
would he improve his precision, measurement errors would remain. Their
order might be practically neglectful related to the observed magnitudes, but
their nature would remain the same.

But this is not or main concern now. There is also a serious conceptual
problem: what do we mean by the height of the doorway? One may say that the
perpendicular distance between the floor and the ceiling. But perpendicular
to what? Measuring perpendicular to the floor may well result in different
values than measuring perpendicular to the ceiling. And what do we mean
by perpendicular on a by all means imperfect surface? One might answer,
ok, let us measure vertically! But now our problem is to precisely measure the
direction of the center of the Earth. Moreover, removing a thin layer of dust
our measurements may well yield different results than before (with a tool
of appropriate sensitivity). Even more importantly, we may yield different
results by measuring the height in different points. One might answer this
time that we can specify exact points for our measurement by their distances
from the walls. But what do we mean by the distance from a wall? That is,
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all that we do now is reducing the conceptual issues of a given measuring
task to a different but likewise vague measuring tasks. We can call this the
problem of definitions, or the problem of fuzzy concepts.

In formal studies, ”well-behaving” concepts introduced by sharp defini-
tions are abundant. The set-theoretical definition of ordered pair, e.g., is clear
and unambiguous: we can always decide whether a given set is an ordered
pair or not by its mere form:

(a, b) =d f {{a}, {a, b}}.
All right, one might say, but it is just one definition of the pair, known

as Kuratowski definition. There are several others. Here is Robert Wiener’s,
for instance:

(a, b) =d f {{{a}, ∅}, {{b}}}.
Is it not just the case, then, that there is no strict and generally accepted
definition for an ordered pair, so the notion is as vague as any other? By no
means. It can be admitted that the different definitions characterize different
ordered pair concepts, and the so defined pairs show diverge properties,
which may have serious consequences on the whole formal system we work
in. The concept of ordered pair can be said to be ambiguous until the point we
swore on one construction. Once a definition is chosen in a given context,
the notion is fixed for good, there is no way for switching to an other notion.
Also, there are no borderline cases: what an ordered pair is and what is not
is clear-cut.

Outside formal systems, definitions tend to go less tame. What is length?
We may have several suggestions: length is the most extended dimension
of an object; length is any quantity with a dimension distance; length is the
measured dimension of an object; length is the linear extent of an object in
space from end to end, and so on. Now we might insist that the concept
of length is just as ambiguous as that of the ordered pair, but fixing an
appropriate definition for our context will provide a strict notion. This is not
so, these definitions are vague too.

Some difficulties stemming from using likewise vague concepts in the
definitions (”dimension,” ”distance”) may be overcome by giving sharp def-
initions for those concepts. But, of course, the danger of other vague notions
occurring in those very definitions still lingers on. Moreover, some concepts
cannot be sharpen out even in theory. In order to know what is the most
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extended dimension of an object, we should measure it. But the difference of
the observed magnitudes may well lie beyond our margins of precision. Of
course, this concept is particularly unfortunate, because it involves the very
notion of length measurement. But similar consideration are in place with
regard to the end of an object or even to its linear extent.

Again, suppose we settled on a notion of length, which seems to be apt
and strict beyond all possibilities. Now we face further issues when dealing
with concepts like a rod which is one meter long. If we are asked to sort out
from a given set of rods the one-meter-long ones, we are able to do this task
with some approximations. But be our margins of precision in whatever
order, there will always be borderline cases, i.e. rods that are almost-one-
meter-long or a-tiny-bit-more-than-one-meter-long, but they can as well be
considered as one meter long with regard to our margins of precision or
practical purposes. This uncertainty is immanent and inevitable: there is no
way whatsoever to sort out the rods which are exactly one meter long.

A widespread strategy for sharpening theoretical concepts is the deploy-
ment of operational definitions. In general, this way we can define entities
by describing how to exhibit, produce or create them. In science, by an
operational definition we usually and broadly mean a description of a mea-
surement procedure—as we have seen, for operationalism measurement is a
central notion (see section 4.3 on page 62). Operational definitions can well
serve science and practice by making blurred concepts sharp and meaning-
ful. Thus, quantum mechanics defines field properties by the measurable
properties of observable particles. Relativity theory defines distance and si-
multaneity by their respective procedures of establishing them. And IQ can
also be, and often is, defined by the score achieved on this and this mental
test.

Social sciences are abundant with operational definition in their trying to
make their concepts quantifiable. Properties of living standards, corruption,
migration are hard to measure from the start. When finding a viable way
for a quantitative account, the original meaning132 of the concept narrows.
It is clear that meaning cannot be fully determined even in natural sciences
(see section 4.3 on page 62). The situation seems to be less chaotic there
still, because there is much more room for law-based, systematic measure-
ment (Kyburg, 1984), or measurement in experimental setup (Trendler, 2009).
These conditions put constraints on the possible measurement operations.

132By meaning here I mean informally the scope a given notion has in expert discussions.
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Let us take the relatively simple example of transport safety. In the table
on figure 7.2 on page 114 I made up some possible operational definitions for
transport safety, TS, where, of course, the safer ways of transportation score
lower. This list is by no means complete: it is enough to consider what is to
be counted as injury. It can be any harm more sever than a bruise, or any
harm more severe than a broken leg. But this simplified picture is enough
for making some observations.

TS1 =d f
Injuries
Mileage TS2 =d f

Injuries
Traveled hours TS3 =d f

Injuries
Number of people transported

TS4 =d f
Fatalities
Mileage TS5 =d f

Fatalities
Traveled hours TS6 =d f

Fatalities
Number of people transported

Figure 7.2: Definitions for Transport Safety

First it is worth making clear that these definitions do not exhaust the
meaning of transport safety—where by meaning I mean how this phrase is
used by experts on a conference dedicated to the topic. And there is a good
reason to maintain that we cannot even cover it in theory would we be able
to create as many operational definition as we like. (And we can easily create
infinitely many, as figure 7.3 on page 115 shows.) Not the least because these
are certain aspects of this use, which escape from a quantitative approach.

A social scientist with naturalist inclination, by which I mean she is keen
on applying the methods of natural sciences as the only legitimate ones,
may insist that the meaning of a concept can only be given by an appropriate
quantitative definition. Anything beyond it does not constitute any meaning
at all, it is just empty chatter. So far so good, but now she must take the
inconvenient task of choosing one of the possible definitions. The problem is
that all of the definitions are equally legitimate, there is no theoretical reason
to choose one above the others (though there may be practical reasons: e.g. a
choice could be motivated by the available datasets). To be sure, measuring
along different operational definitions may yield quite different results for
such simple (true, not really exact or well-formed) questions as: ”what is the
safest way of transport?”

A possible way for giving the issue a better outlook is to say that, though
operational definitions cannot exhaust the meaning of a concept, they can
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TS7 =d f
Damages over $1000

Mileage TS8 =d f
Damages over $1000

Traveled hours TS9 =d f
Damages over $1000
Tonnage transported

TS10 =d f
Damages over $1100

Mileage TS11 =d f
Damages over $1100

Traveled hours TS12 =d f
Damages over $1100
Tonnage transported

TS13 =d f
Damages over $1200

Mileage TS14 =d f
Damages over $1200

Traveled hours TS15 =d f
Damages over $1200
Tonnage transported

. . . . . . . . .

Figure 7.3: Some More Definitions for Transport Safety

fix it in a given context. Another contexts may involve different but equally
legitimate notions. What ties these concepts together more strongly that any
two random concepts is a common umbrella concept. But these umbrellas,
constituted by all the legitimate operationalizations, are not strict scientific
concepts, would the (soft-hearted) naturalist say. Nevertheless they are part
of the scientific practice: as catchphrases in the sloppy metalanguage of
science.
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Chapter 8

Measurement as Practice in
Sociology

This chapter takes a brief look on the function of measurement in social re-
search. The aim of this résumé is to set the methodological concerns of this
study against practice. Though it will not be a surprise to see that sociology
has a common fate with psychology in that the axiomatic principles have not
gained real ground, I hope that such an investigation is not superfluous. By
taking account for the really specific issues putting constraints on measure-
ment I intend to accentuate further the problems of operationalization and
the obstacles in the way of formal theories to fledge in specific disciplines.

8.1 Quantification, Data, Variables

Standard textbooks often claim that we can measure in sociology the same
way as in physics, only our measurements are less exact because of the
very nature of the attributes measured.133 Sometimes go as far as to say
”researchers can measure anything that exists.”134 There is often a warning
that the reliability of our measuring instruments should be tested and mea-
surement procedures should be verified as valid, but after all it is simply
presupposed that certain attributes can be quantified. Everyone, however,
taking a closer look on some quantitative results of sociology must come to
the conclusion that the discipline is immensely affected by cruxes set forth

133See, e.g., Steele and Price, 2007.
134Babbie, 2007, p. 121.
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against psychology. Stevensian sentiments are alive and well in sociology,
undisturbed by the enormous developments in measurement theory. Stan-
dard textbooks often quote the theory of measurement levels uncritically and
without further comments on the subsequent developments.135 Even in 2001,
Bulmer gives a definition, which makes clear that measuring is simply an as-
signment without the obligation of empirical verification: ”[m]easurement is
any process by which a value is assigned to the level or state of some quality
of an object of study” (Bulmer, 2001, p. 455).

Clearly, sociologists often deal with concepts, such as preference, the
quantitativeness of which is at least rather doubtful (but could be tested).
But many social research projects rely entirely on data where only counting
is involved: a ”measurement” determines how many people belong to a
set such and such. Data so gained are on an absolute scale in Stevensian
terms, hence there is free way for meaningful statistics. But the thing is that
sociologists are rarely after pure numbers, they tend to measure complex
(allegedly) quantitative concepts through the data. Concepts, which are
poorly defined or even yet to be understand.

It would be unjust, however, to maintain that sociologists deliberately
and assertively neglect the rules of scientific integrity and ignores the need
for critical inquiries. It is often the case that they spend a lot of time on
construing proper methods, and even on bewailing the contingency, imper-
fection, deceptiveness of them. They often tend to be rather critical and
doubtful regarding their ways, this is well indicated by the many research
projects devoted to methodological pluralism.136

On the other hand, social research often looks for complex, multidimen-
sional patterns of correlations and identifies underlying factors. While using
factor analysis and its broad kinship of methods, sociologists often arrive
to scales with stipulated properties (such as equal intervals) and draw bold
consequences. Adding to this, they too often reify:137 they regard the derived
factors as they were real, existing entities in the world. Of course, picked out
factors say little without interpretation. This is by no means to say that these
methods of analysis do not convey any information whatsoever, only that one
should be much more careful with inferences. Of course, this precaution

135See, e.g., (Babbie, 2007, pp. 136-140).
136This means the parallel application of different methods for approaching the goal of a

scientific project.
137See (Gould, 1996).
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would lead to more modest results. As I pointed out above (in section 6.1 on
page 91), this feature in itself is a significant drive for loose methodology.

The problem of meaningfulness may arise in social research even when
no crux of number assignment and scale types is around the corner. Shooting
on their blur and moving targets, sociologists are forced to rely on opera-
tionalization. But the exact way of opartionalization often depends on the
contingency of available data. This may lead to incomparable quantities and
fragmented concepts.

To the sociologist’s delight, there is a vast number of numerical or trivially
numerizable databases (or datasets) available. On these ”hard data” we
can measure simply by counting the number of occurrences, adding up
(extracting, averaging etc.) entries representing time (say, working hours)
or amounts. Since these measurements are, so to say, on the absolute scale,
their statistical treatment is not really problematic. As a trade-off, they raise
other serious methodological problems. Sociologists call the entries of these
datasets variables. Some of these variables provide pretty good base for
carrying out measurements. In sociology even the simplest ones of these
measurements are indirect. Say, one can measure (estimate) the number of
foreign citizens working in the country based on the data on citizenship in
the database of the national health insurance system.138

138One possible grouping of datasets is by their purpose, another by their method of col-
lection. By the first dimension we can broadly distinguish between administrative and and
primarily scientific data collections. Not unrelated, by the second dimension, an apt choice
is to talk about registers, counts and surveys. (A taxonomy used in, e.g., the PROMINSTAT
project, see below.)

Administrative databases are maintained by the state or some local authorities for—no
surprise—bureaucratic, or sometimespolicypurposes. While otherdata are collectedmainly
of scientific interest, we cannot draw sharp margins. Not the least because scientific projects
often serve policy purposes.

Registers are administrative databases encompassing information linked to individuals,
which are regularly updated to reflect the current status. Counts can be described as datastes
containing the numbers of events linked to individuals, populations; or the number of
persons, linked to an event, location etc. in a given time or reference time period. By surveys
we mean (usually sample based) data collections realized by interviews with respondents.

Censuses constitute a special case. They can be regarded as special as special counts, since
the data collection is clearly tied to a time period (and repeated usually in ten years). Often
they also involve surveys, realized on a whole population instead of certain samples. And,
to make a full round, censuses are increasingly based on registers—at least in countries with
highly developed administrative data collection systems.

The expoitability of administrative data sources constitute special methodological prob-
lem for social research. Data stored in, say, registers are not for scientific purposes at the
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Other variables are more problematic. Set now apart the entries of anec-
dotal nature one often come across in surveys, they are part of the ”soft,”
qualitative side of social sciences—by no means less valuable than the quan-
titative side, only we are concerned with the latter in this study. No measure-
ment, no problem—at least from our perspective. Binary variables, like an-
swer selection (yes/no), or (traditionally) gender can easily and legitimately
be ”statisticized” with, even though one may wonder how much dealing
with these data fall in the usual sense of measurement. But other entries,
such as ones coding preferences, should not (though usually are) regarded
as quantitative, at least, not by default.

Say, we are to examine the contentment with the work of government
on a ten-grade scale by asking respondents via phone. According to the
practitioner’s advice,139 if we received a ”7” as an answer from John Johnson
and we call him again the next day and he gives a ”3,” we should suspect
that our ”measuring instrument” is unreliable. Likewise, if we found on a
large enough sample that the mean of the result was 9.8, the validity of our
measurement should be questioned. Nevertheless, the main problem with
preferences is not even touched in these warnings. Namely, we do not have
any reason to suppose that John Johnson is more content with the work of
the government than Kate Kenneth, who happened to give it a ”5.” And from
the start: why to think that we will get the same answer from Louis Lark

first place, they are not collected the way to provide with immediate information for the
sociologist on her questions of interest. Measurement on them is not only indirect, but
based on more or less stern presuppositions on the idiosyncrasies of data collections. In
the example above, we would like to know the number of the foreign citizen, but what we
measure is the number of those foreigners who were registered and were not unregistered
by their domestic employer up to a given date. Thus not only unregistered employment
is hidden entirely, but we cannot even be sure how the our results are related to the ”real”
situation.

Often, the data lack comprehensiveness and are not up to date—datasets exhibit wide
variance in this regard. And, of course, talking about administrative data sources, the access
to them for scientific purposes could also be highly problematic. Governmental data is often
withheld in the name of personal data protection, but the real obstacle is rather maleficent
routines and ignorance. It is far not impossible to maintain data systems where the access
for anonymous governmental data is unobstructed—Scandinavia is pioneering on this field.
(For more on this, see “Out of the Box” (2015). In: The Economist. Nov 21st, 2015,) Anyhow,
secondary use of existing data is of crucial importance for social sciences. It is by no chance
that recently there have been several initiatives going on towards the development of this
important methodological tool. (See, for instance, PROMINSTAT in regard with migration
related datesets in Europe (PROMINSTAT Project 2010, Csatári and Juhász, 2009).)

139Steele and Price, 2007.
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before and after lunch? This is not to say that a preference scale cannot be
meaningful. Only it should be verified, possibly by some of the methods set
forward by measurement theories or by successful iteration.

8.2 Concepts and Operalization

Variables provide the effective means for sociologists to approach the con-
cepts in scope. Variables are rarely interesting in themselves, they are rather
operationalizations of concepts, which are traditionally conceived as crucial
in confirming causal theories.140 It is important to see that variables as con-
stituents for a procedure of measurement, in the view of practitioners, do not
usually define a concept, as the old school of operationalism would suggest.
Rather they may make up for some operational definitions at best, ones that
more or less grab a blur moving target, and which are not exclusive, only
by chance chosen ones from the infinitely many possible. As Bulmer (2001)
puts, characterizing, e.g., the health of a population or crime in a locality can
be realized through a vast set of possible measures.

But the proliferation of variables by no means helps conceptual clarity.
Sartori writes:

[M]uch of what is currently labelled social science ”methodology”
actually deals with research techniques and statistical processing.
In moving from the qualitative to the quantitative science, con-
cepts have been hastily resolved and dissolved into variables ...
[C]oncept formation is one thing and the construction of variables
is another; and the better the concepts, the better the variables
that can be derived from them. Conversely, the more the variable
swallows the concept, the poorer our conceiving. (Sartori, 1984a,
pp. 9-10)

Indeed, contemporary ”research techniques and statistical processing” in-
clude multidimensional data-processing (factor analysis and its kinship),
where even the variables (factors) are somewhat wanton. The analyst is
”free” to choose what resultant fators she defines from the original ones (at
the expense of loosing information). Also, several equally jutified mathe-
matical solution may exist for the same problem.141 Interpretation, concep-

140A sentiment represented in Stinchcombe, 2005, for instance.
141See Kootstra, 2004 for a discussion of factor analysis, or Gould, 1996 apropos of intelli-

gence measurement.
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tualization comes last, as if we placed the target where the arrow landed. By
and large, few practicioners even with a healthy methodological incline are
keen on conceptual tidiness (but consider, e.g., Sartori, 1970, 1984, Gerring,
1999, Collier and Mahon, 1993, Brons, 2005).

”Stable concepts and a shared understanding of categories”142 are of ut-
most importance for each scientific enterprise, and it is clear that sociology,
or generally, social sciences lack this kind of accordance. Interestingly, as Sar-
tori observes (1970, 1984), not only the restrictive nature of operalization is to
be blamed. Applying concepts of old theoretical frames in new fields often
results in the unconscious departure from the notions: conceptual traveling.
This is often followed by conceptual stretching, i.e., the concept is ”distorted”
so to fit in.

At this point the reader ought to recall Bridgman’s motives for his op-
erationalist approach (1927). His main point was that we have no reason
to apply the same concept for properties measured different ways. Length
measured by a measuring tape is not the same concept as length measured
by a laser distance meter. We can see his attitude as the most cautious one to
prevent any unconscious and unjustified conceptual traveling. Chang (2004)
took on these thoughts to a less restrictive, positive reading. In his view
operationalist considerations may lead to legitimate and coherent extensions
of concepts. To this end, two conditions must be satisfied, Chang writes:

Conformity. If the concept possesses any pre-existing meaning
in the new domain, the new standard should conform to that
meaning.

Overlap. If the original standard and the new standard have an
overlapping domain of application, they should yield measure-
ment results that are consistent with each other. (ibid., p. 152)

All this is to mean that once we have well-founded standards on different
domains (which, as we have seen, can be reach by picking out phenomena
of congruent behavior), a unified quantitative concept could be established.
Unquestionably, this is a practice in natural sciences. For instance, the theo-
retical concept of tempreature still has little role of its measurement. Instead,
the practical temperature scale exhibited as a patchwork of overlaping op-
erational procedures.143 In theory, social sciences could also follow this way,
but surely have not yet arrived to that stage.

142Collier and Mahon, 1993, p. 845.
143See the International Temperature Scale of 1990.
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Let us take a brief look at one of the most simple, most popular operaliza-
tion of a concept, which also became accepted as standard: the measurement
of party preference. As introduced by George Gallup in 1935, party prefer-
ences are generally measured by asking a classical question: ”If the election
were held today, who would get your vote?” Slightly modified versions of
the questions are also used, e.g. in Hungary it goes like: ”If the election were
held next Sunday, who would get your vote?”

From a methodological point of view, this measurement has a double
role. First, it serves for the assessment of the actual popularity of certain
parties (generally it is not comprehensive in regard with the existing political
organizations in a country—at least on the evaluation level minor ones are
cast up). Second, especially when there is indeed an election around the
corner, it serves as prediction. A historical fact is that this method had
become popular and, so to say, a standard among pollsters, because of its
success in predicting certain elections results. Its reliability is far not uniform
or unquestionable though, and may differ widely between different societies.
For instance, Some years ago it tended to give quite accurate predictions in
Germany, but was really untrustworthy in Hungary. Again, it is prone to
give biased results in the hand of certain pollsters with different political
inclinations.144

As the common wisdom goes, while natural sciences have the opportu-
nity to ask nature by experiments, the sociologist is left with asking people
on what she is after. Note, however, that this famous example does not work
this way. Pollsters (and their policy maker clients) do not ask what they are
curious about. Why would they need people to answer on a counterfactual?
The situation is much more complex: they are after public political mood,
and this is operationalized through a survey method with a question chosen
from a host of possible ones. According to Bulmer (2001), variables for a
given concept can only be justified in pragmatic terms and common sense.
And the concerning concept is operationally defined by the mere words used
in setting up variables. But what words? It seems that the wording of the
question in question does not define any meaningful or interesting concepts,
or if it possibly does, it is not what is meant by the researcher. Rather, as far as
I can see, the only possible interpretation of Bulmer is that an exact wording

144An analysis of this bias is a quite interesting topic in itself, but lies beyond the scope of
this study.

123



of the surveying method is the one which could bring us to the concept of
party preference.145

Apart from the scarcely addressed methodological mess sketched above,
the fact that a wanton operationalization becomes a standard could be re-
garded as good news on one hand. But it is also a petrifaction giving no
way for other approaches.146 Until not tried on large scale, we cannot be sure
that other ways of measurement would not show much more convincing
congruence.

Looking over the pure wonder of understanding and letting in the re-
spects of practice and scientific progress, Bulmer (2001) rightfully observes
that the problems with measurement in social sciences constitute the main
obstacles to the constructions of unified indicators.147 It seems that standard
indicators may sometimes brought about spontaneously. Could other crite-
rion be laid down for the validity of an opertionalization beyond supposed
relative success and mere inertia? It should, I think.

We can sum up the morals of our brief investigation into the measuring
practices of social research projects as follows. By and large measurement
theoretical considerations play no role in the practice of sociology. It is
stunning that while some practitioners blame social sciences themselves for
not having formally embedded strict concepts, they completely overlook the
vast developments in the field of theorizing on measurement.148 Instead,
they insist that we arrived to measurement whenever we classify a set of
units by quantitative variables.

In many cases social research possess data, which do not face serious
problems from a scaling point of view. For instance, dealing with counting
after all, party preference assessment is relatively blameless. Here, very
often, the relation of the concept and its operationalization is problematic.
Concepts tend to be ”under-defined,” or in other cases suffer proliferation,
stretching, traveling by the very way of operalization. A systematic approach
would be needed for standardization beyond mere inertia. Lacking law-

145The operationalization of party preference is far not a peculiarity. See another example
in the appendix.

146As for the very measurement method under consideration, one applying other methods
immediately suspected to hide something with making his data incomparable—a surmise
not always unjustified.

147He identifies another obstacle to a system of indicators in the lack of cross-national
harmonization. As the previous section on the available datasets suggests, this problem
itself lies in the heart of social scientific measurement.

148Bulmer (2001) is a recent example.
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based measurement in most of the cases, sociology should look into ways of
justified standardization of its concepts through congruence and meaningful
conceptual extension.
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Chapter 9

A Closing Note on Realism,
Operationalism and
Constructivism

Now, after we discussed operations, structures and errors in some detail, let
us return to our interlude we left in chapter 3 on page 39, where we have
seen how theorizing on measurement brings along the general questions of
(semantic) realism. Let us take again the banal case of length. Having a rod,
which we can also honor by the name r, we can illustrate the realist stance
with the following statement:

The sentence ”The length of the rod r is x” is true or false; independently
of our knowing which (and of our inability to know it ever).

It is now easy to see what is the most unfortunate feature of a consistent
realism. As we have found, the realist presupposes that (at least some of the)
quantities are continuous. Again, we have realized that every measurement
is error-prone and can be deployed within certain margins of error only. And,
what is more, we realized that we cannot ever arrive at an irrational part of
a unit by measurement—not even in principle. Then we must see that every
sentence asserting a measurement result is, to very high level of probability,
i.e. practically, false.

By contrast, the operationalist—an outright antirealist—denies the asse-
tions above. For if we maintain that measurement is mere assignment of
numbers to objects—as the Stevensian does—we must conclude that every
sentence asserting a measurement result is trivially true. Since measurement
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is only assignment, we measured a magnitude once we assigned a number
according to an arbitrary rule. Even by the more modest, instrumentalist,
Bridgmanian version of operationalism, the very concept of a quantity is
brought about by the given procedure we use. Hence, a given magnitude is
constituted by a given measuring act, and nothing more.

In short, a statement like:

The length of rod r is 123.5 cm.

is always false for a realist and always true for the operationalist. What is more,
the realist does not even requires a measurement procedure involved for this,
apart from a conventional agreement on units. By contrast, the operational-
ist—either an instrumentalist or an advocate of mere assignment—requires
a measurement procedure for such a statement to be assertable. A further
question what else he requires. Anyhow, both views are at odds with our
intuitive or common sense perception of measurement.

What a realist would answer to this is the following. Sentences stating re-
sults for successful measuring acts can be regarded as approximately true. By
this we mean that we can always assign an interval to a measurement result
which covers the real value of a magnitude with extremely high probability.
Practically that means that every sentence asserting a measurement result
should be understood as if ”plus or minus x” would be amended to it. So
far so good, but now the realist has to face with the problem of determining
x for an appropriately high probability.

The operationalist could object as follows. I, Bridgman, can easily lie
about my measurement results to my assistants. In fact, I am a bit afraid
that my assistants would (let it, inadvertently) lie about their measurement
results. So a statement like the one above is not always true. And truth
is a private experience anyway. Okay, but can Stevens say the same? No,
as long as he is consequent. Measurement is nothing more than numerical
assignment. But what else is uttering the above sentence if not numerical
assignment?149

Still, the modest (instrumentalist) operationalist approach and also the
realist one have some morals to consider. First, there is no sense in talking
about quantities and magnitudes without having an effective measurement

149There is still a possibility that not every numerical assignment is measurement. In this
case one should tell why uttering the sentence does not qualify as measurement. Anyhow,
as no operationalist ever, to my knowledge, indulged in such speculations, we have no
tracks to follow here.
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procedure at hand. Second, the deviations in our actual measurement of a
givenmagnitude often tend to fall into a given interval. Aswith technological
progress the precision of our equipment is increasing so gets this interval
narrower, but, of course, never closes to zero, always remains an interval.

With this picture in mind we can endorse a constructive approach: the con-
tinuum of a quantity can be conceived—entirely not independently of the
appropriate measurement procedure—as an ever-changing chain of overlap-
ping (fuzzy) intervals. Thus it is somewhat natural to search for homomor-
phisms for our measurement systems in the realm of intuitionist reals (or a
substructure of them).

In a constructive setup, when establishing equality between two magni-
tudes by a measuring procedure, we can say they are equal within the our
current margins, that is, so to say, the initial segments of their approaching
free choice sequences are identical—and that might not will always be the
case. What we cannot do: we cannot say before any measurement that one
magnitude is either less, either equal, either more that the other. We can say
only that they are in a relationship analogue to one of the intuitionist reals.150

Two of the infinitely proceeding sequences (as two elements of the same
spread) are equal if their nth components are equal for every n.151 Practically
that means that when exhibiting the consecutive elements of two series, we
find them equal as all of their elements are equal until n. Should we find
that they differ in their (n+ 1)th element, we would not regard them as equal
from the very moment we exhibited those elements.

Hence, when failing to meet the requirement of the transitivity of equal
measures, so that a ≈ b and b ≈ c but a ? c, we do not have to give up our
belief of measureability.152 For we just comparing the nth element of our
sequence of measuring a and b, the (n + 1)th of our measuring b and c and
the (n + 2)th of our measuring a and c. The transitivity of equality is not
necessarily violated. But it is, when these sequences entirely depart from
each other.

But how about errors? On might justly feel that there is no real room
for an error concept in a constructive approach. But if we take a look at
the discouraging complications that burden an error theory, it is rather a

150For a summary of the intuitionist’s real number concept, see chapter 3.3 on page 46.
151Heyting, 1956, p. 36.
152We are not inclined to abandon it anyway, rather we tend to point the unreliability of

our equipment.
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virtue than a loss. But the question is now, how to assess the validity of our
procedures. Or is there no way whatsoever to anchor our ways to ”reality?”

There is, anyhow, something which we can build our choices on. This
is phenomenal congruence, which can be exhibited by epistemic iteration,153

and with which we met several times in this text. ”This convergence provides
a basis for a workable notion of accuracy. We can say that we have an accurate
method of measurement, if we have good convergence,” Chang (2004, p. 217)
writes. I think we should be more cautious in talking about accuracy, but
apart from this, he is right. As ”real values” can only be seen as blurred and
non-accessible limits for iterative operations, by accuracy we can mean some
intuitive (even if technical) assessment of procedural aptitude. But Chang
is quite right in his point: ”truth is a destination that is only created by the
approach itself” (ibid., p. 217). Iterative operations by which we may track
congruent phenomena are some of the most important constitutive building
blocks of knowledge.

153Chang, 2004.
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Chapter 10

Summary and Conclusions

In this brief closing section I summarize the main observations of the study.

I. Early representational theories define measurement through concate-
nation operations and rules. I showed that though concatenation op-
erations substantiate an important share of measurement procedures,
they are not necessary for a coherent measurement concept.

II. I also observed that the rules of measurement, as proposed by the
empiricist, neither qualify as genuine scientific laws nor feature any
proper, flesh and blood measurement procedure.

III. Convention plays an important role in measurement well beyond the
arbitrariness of unit choice. I argued, however, that congruent (or con-
vergent) behavior provides a reason for choosing one group of phe-
nomena over the other as foundations for measurement.

IV. Congruent phenomenal behavior likewise provides base for time and
temperature measurement. This fact, adding to the dispensability of
concatenation, further blurs the traditional distinction between exten-
sive and intensive quantities.

V. Social sciences cannot readily adapt the ”receipts of success” in mea-
surement. Physicalism is not viable in practice. On the other hand
arbitrarily widening the notion of measurement—as the radical wing
of operationalists seemed to suggest—is illegitimate. Still, the opera-
tionalist approach has a point in drawing the attention to structure and
meaningfulness.
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VI. I introduced the axiomatic foundation project, which synthesizes the
merits of represetationalism and operationalism. Beyond summarizing
the supposed reasons for its lack of real success known in the litera-
ture, I pointed out that futility sometimes enters the picture too. The
reason is that the relation of structures involved in measurement and
the mathematics applied in certain theories is unclear.

VII. I surveyed the uncertainties stubbornly surrounding the whole mea-
surement endeavor. The error theory I examined provided to be unap-
pealing in several respects.

VIII. I took a look on sociology from a measurement point of view. I con-
cluded that the practice of the sociologist reveals many of the problems
of measurement at work, and also exposes new ones, specific for the
given discipline.

IX. On a different train of thought, I argued that a measurement procedure
always exhibit rationals in a relevant sense. Further, I observed that
either a realist or an operationalist approach to measurement likewise
face with serious troubles when accounting for errors or truth. (A
sentence asserting a measurement result is always false for the realist
and always true for the operationalist.)

X. The point above provides strong motivations for a constructive the-
ory. Also, the theory of intuitionist reals and the congruent (and non-
conguent) pre-theoretic, phenomenal behavior exhibited by compared
or iterated measurement procedures provide a strong cognitive base
for it.
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Appendix

How Not to Operationalize

Below I analyze an example on the operationalization of a concept in a pres-
tigious sample survey. Standard Eurobarometer surveys test public opinion
on political and economical situation within the EU-states and some can-
didate countries. The data collection has been being carried out from 1973
in a half year frequency, based on a face-to-face interviews and a sample
of approximately 1000 people per country. The sample is representative.
The series contains questions aiming to see to what extent are the citizens
aware of how the EU works. We may say that the questions on this topic
operationalize the concept of EU-awareness.

The first question on EU-awareness measures the ”subjective” knowledge
of how the EU works—as the authors put. It is part of a group of questions
introduced as ”Please tell me to what extent you agree or disagree with each
of the following statement” and goes like this: ”I understand how the EU
works.” (Standard Eurobarometer 83 2015, p. 128. I will refer this issue in what
follows.)

The second measurement, aiming to assess ”objective knowledge of the
European Union,” consists of three statements, and the respondents are re-
quired to say whether each of them is true or false. The statements are: ”The
EU currently consists of 28 Member States,” ”The Members of the Euro-
pean Parliament are directly elected by the citizens of each Member States,”
”Switzerland is a Member State of the EU.” (ibid., p. 131)

The results of these two survey entries show a massive body of EU-aware
European citizens.

Let us first take a closer look at the subjective part. One may insist that this
kind of ”confession-based” measurement is always to be taken with a bit of
salt, because the expected answer effect comes into the picture. Interviewees
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tent to respond so to convey a good impression to the interviewer about
themselves. But this is not the only reason why this question is inapt for
the measurement of anything like EU-awareness. People also unable to
assess to what extent do they know something they do not know really. One
can only relate herself to others within the reach of her experience. When
testing the knowledge of English language by this method in group A which
consists of Southern-European criminals living on human trafficking and
also in group B of non-native scientists regularly publishing in English, we
may well find much stronger command of language in group A. Were we
be willing to regard this measuring process as an operational definition of
language knowledge.

This is not to say that one cannot legitimately draw any conclusions from
the results. The main asset of this data collection is its regularity. Observing
trends make weak inferences possible. To give a bit absurd example: Poland
scored very high on this entry, 75% of its citizens self-confessed as EU-
aware (Standard Eurobarometer 83 2015, p. 128). Seeing a decreasing trend
in the subsequent data, one might conclude that the Polish self-recognition
improved, provided that this concept is sufficiently sound and the conclusion
can be is reinforced by independent observations.

Now for the objective part. One can easily let that it is by no means
misguided to assess command of language by tests featuring grammatical
and agrammatical sentences, where the subject has to identify the right ones.
Likewise, we have no reason to doubt that many kind of knowledge can
be assessed by offering true and false sentences to the interviewees. Much
depends on, however, the quality and the number of the entries; and, after
all, the interpretation of the results.

As for the sentences in the Eurobarometer survey, it is to be observed that
if they are to assess objectively the knowledge on how the EU work, there is
something wrong with them. Only one sentence (the one on the election of
MPs) is relevant in this regard. The authors must have realized this, since
they removed the ”how does it work” phrase from the title. Fine, but at
this point it becomes unclear, how the subjective part relates to the objective
part.154

154Talking about the choice of the assertions, note that the sentence on the number of the
Member States is downright counterproductive if we really want to sort out individuals
with apt knowledge on the EU. The number is prone to change from time to time and even
one able to enumerate all of the states might be wrong on the actual number of them. But
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According to the survey, 36% of the citizens possess objective knowledge
about the EU, i.e. this was the proportion of those deeming all the three
sentences right (ibid., p. 131).155 Now the question is, what does this number
mean? First, it is worth observing that we would measure 17% in a monkey
population, since this is the probability of giving three correct answers by
chance.156 Second, and more importantly, the final percentage for the EU-
awareness is immensely affected by the number of the sentences to decide on.
The more sentences we added the less percentage for EU-awareness would
we measure. This leaves us with serous doubts about the meaning and use
of these numbers.

Here, again, we are allowed for some weak inferences by means of trends.
But it is clear that values can only be related to values from the same data
collection. Any other concept of EU-awareness approached or defined by a
different kind of measurement is out of our reach. Here we face a typical
trait of datasets used for social measurement: the disunity of concepts.

My hope is that the above analysis revealed that the so operationalized
notion of EU-awareness is painfully unsound. This may be more surprising
in the light of the fact, that it is part of an esteemed and influential public
opinion survey. The data collections is designed with close attention to
the practitioners usual methodological concerns (e.g. representativeness).
Since it builds on two-valued data and percentage, it also avoids the usual
problems with scale types. All the more sad that the achieved numbers have
little meaning. Despite this fact, they are widely recited in other studies as
indicating a massive core of EU-aware citizens. And, of course, EU-policies
also build on this surmise.

How could we do better? We should, of course, be much more careful
with the choice of the survey questions. As a minimal requirement, if we
are to measure how people aware of the work of the EU, it worth including
questions relevant to the topic. And if we are not, we should directly state
what we are up to. It is also worth being explicit about how a machine with
random answers would score on the test, and contemplating about what are
the morals for the data collection. Self-confession should not be regarded as

this effect is somewhat counterbalanced by the fact that the respondent might speculate that
such a kind of assertion is probably true (and it indeed has been).

155The study also sums up the results for the individual entries, a value of around 60-70%
for each.

156I admit that here I generously regarded the false answer the same as ”does not know”
(the latter is distinguished in the study)—a defensible position, I suppose.
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a standard measure for anything. One should always bear in mind that this
kind of data allows for weak, remote, indirect inferences only. In short, with
careful analysis and creativity, the scientist should operationally build up a
sound concept, one that may be reused in further studies and other research
project. One that may fulfill hopes to be a standard.
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Albert, Réka and Albert-László Barabási (2002). “Statistical Mechanics of
Complex Networks”. In: Reviews of Modern Physics 74.
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