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1. Introduction

Developments in measurement theory and practice are
leading inexorably toward a transformation of metrology
in the coming years. Human, social, and natural capital mea-
surement and instrument calibration have advanced in recent
decades to previously unimagined degrees of mathematical
rigor and practical convenience. Measurement models com-
monly employed in achievement testing, performance assess-
ment, and rating scale surveys globally are ideally suited to
meet the growing demand for precision measurement emerg-
ing from the contemporary focus on sustainable human, so-
cial, and environmental economic policies.

Many among us are increasingly aware of these needs
and are striving to meet them. Few decision-makers, how-
ever, are aware of the tools at our disposal, tools that will
enable us to achieve goals set to new standards. It is often
said that we manage what we measure; accordingly, we
must wonder what we are managing when any given con-
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struct (literacy, health, and innovation) is measured in local
units of unknown quality and meaning. After describing
developments in theory, research, and practice, the paper
concludes with recommendations for human, social, and
natural capital metrology standards.

2. Fundamental measurement theory and practice

Invariant, additive, and separable parameters for non-
physical measures of abilities, attitudes, health, etc. have
repeatedly proven their value and utility in education and
health care globally over the last 50 years [1-4]. Different
tests or surveys measuring the same thing are routinely cal-
ibrated in meaningful, linear, and comparable quantitative
units [5-7]. International assessments of educational
achievement, such as PISA [8], strictly define the quantita-
tive comparability of reading, math, and science ability
measures, and establish metrics that remain invariant and
linear across tests administered in different languages and
over time. Adaptively administered, customized tests,
which tailor item selection based on the response charac-
teristics of the individual examinee, similarly require care-
ful attention to the maintenance of a common unit [9].
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Quantitative mathematical approaches are valued in
economics and in the sciences at large to the extent that
measurability translates into manageability [10,11].
Researchers in the psychosocial sciences often do not as-
pire to or achieve the degrees of construct manageability
that are typically required in the natural sciences, despite
the longstanding availability of relevant methods. In his
1937 address as President of the Psychometric Society,
for instance, Thurstone, an electrical engineer turned
psychologist, distinguished between the mere manipula-
tion of numbers and the representation of substantive
units in an additive scale [12]. Fully mathematical mea-
surement makes it possible to represent meaningful and
invariant amounts of anything measured in an additive,
divisible, and portable numeric form. Such representation
is not just the assignment of numbers to observations, but
requires an experimental approach that tests the hypoth-
esis of additive structure, with clear criteria for falsifica-
tion [1-4,12].

When applied to various kinds of property and human,
social, and natural capital resources, metrological stan-
dards make it possible to unify local economies at regional
scales, and to unify regional economies at the global scale.
They do so by reducing friction in the economy; that is, by
greasing the process of exchange with the lubrication of
common standards, which function as common languages
for ascertaining value [13].

The property of transparency is remarkable for the
practical convenience it provides. Though we do not usu-
ally think of them in such terms, standards for time,
weight, length, and temperature serve as currencies facili-
tating the exchange of each different kind of value. Just as
time is money, so, too, are square feet of property, mass
volumes of commodities, and thermal units for heating
and cooling. Despite the ongoing success mathematical
modeling enjoys in the natural sciences and engineering,
“it has become commonplace to observe that modern
mainstream economics is not too successful at providing
insight” [14]. The mathematical deductivist reasoning
characteristic of mainstream economics is increasingly
challenged by other approaches of diverse origins referred
to as heterodox.

Interestingly, these challenges emerge in a context in
which capitalism itself is no longer thought inherently
misconceived so much as not fully living up to its own
accounting principles [15]. Perhaps economics and econo-
metrics also are incomplete, with their mathematical val-
ues in need of further extension, not curtailing.

The main problem, in this case, would then be how to
arrive at transparent, uniform standards for human, social,
and natural capital that are meaningfully, and not reducti-
onistically, calibrated to the same mathematically rigorous
degrees of precision and accuracy as standards for manu-
factured capital and commodities are. Reductionism here
is taken to imply a failure to justify the validity of an as-
sumed reduction. Reduction itself is unavoidable insofar
as any experience expressed in words has been summa-
rized in a speech act or text of limited length.

Like reduction, metaphor is unavoidable, permeates
language, and is ubiquitous in science [16-18]. Scientific
models and poetic metaphors both effect reductions and

are evaluated in terms of the extent to which they mean-
ingfully summarize events or observations, and project
models for the apprehension of future, as yet unobserved,
events. Reason is sufficient to its tasks when concepts de-
rived from metaphorical processes structure perception
and facilitate productive dialogs between facts and ideas.
Abstract theories, such as points defined as indivisible
lines, balls rolling on frictionless planes, or objects in mo-
tion left entirely unaffected by anything else, inevitably
structure the paradigm informing observations in these
dialogs [19-23]. Via the metaphoric process, phenomena
assert themselves as what they are, and come into lan-
guage, in a dialog that capitalizes on the presence of pre-
dictably invariant patterns.

In early human history, this dialog structured only the
metaphoric process, the birth of concepts, and their dissem-
ination in the collective cognition of cultures [24,25]. But
since the origins of axiomatic mathematics in ancient
Greece, the dialog with nature has expanded into systematic
methods for structuring observations. Scientific phenomena
act first as agents provoking agreement as to their separate,
real existence, and then are transformed into products of
agreement embodied in metrological networks by scientists
interested in capitalizing on their effects [26-30]. These is-
sues of paradigms and the textual nature of observations
read from the book of nature are acknowledged in much re-
cent work in the theory, philosophy, and epistemology of
measurement [10,11,21,31,32]. They become of decisive
importance in efforts involving psychosocial measurement
[33-35], and have received systematic treatment in works
focused on the text as a basis for the epistemological unifica-
tion of the sciences [36-40].

The context provided by such a unification reinvigo-
rates appreciation for metrological standards, and how
they have historically been created and maintained via
the theory and practice of fundamental measurement.
New horizons for such standards in the psychosocial sci-
ences, and in the economics of human, social, and natural
capital, emerge from the realization of fundamental mea-
surement in the context of ordinal observations. This is
firmly established by at least five classes of results.

First, a wide variety of ways of formulating require-
ments for objectivity in measurement have been shown
to reduce to Rasch’s models for fundamental measurement
[41,42], as is expected given the basis of these models in
minimally sufficient statistics (i.e., those that are both nec-
essary and sufficient) [2,43,44]. In presenting the necessary
and sufficient conditions for quantification, it then follows
that

unweighted scores are appropriate for person measure-
ment if and only if what happens when a person
responds to an item can be usefully approximated by
a Rasch model... Ironically, for anyone who claims
skepticism about ‘the assumptions’ of the Rasch model,
those who use unweighted scores are, however unwit-
tingly, counting on the Rasch model [of fundamental
measurement] to see them through [2].

What are referred to as assumptions in statistics are
requirements in measurement [1-4,22,23]. The inferential
processes and interpretations typically employed in many
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statistical treatments of ability test and rating scale data
inherently assume additive units and separable parame-
ters. The transformation of these unexamined assumptions
into explicit requirements for measurement creates the ba-
sis for a new metrological culture of human, social, and
natural capital.

The reduction of different approaches to articulating
the requirements of objective inference is a variation on
the theme raised by Luce and Tukey [45], that when a
concrete physical concatenation operation (Fig. 1) is not
possible, then “one should try to discover a way to
measure factors and responses such that the ‘effects’ of
different factors are additive”. In practice, this means (1)
devising observational frameworks that support internally
consistent, monotonic data structures, and (2) transform-
ing ordinal data from their instrument- and sample-
dependent nonlinear raw score units and restricted ranges
(Fig. 2) to invariant measuring units and infinite ranges
(Figs. 3 and 4).

The simple log-odds approximation method [46] used
to transform the scores in Fig. 2 into the measures in
Fig. 3 gives less than perfect results. Most computer pro-
grams [47,48] use joint maximum likelihood, fully condi-
tional estimation, or Monte Carlo methods to remove the

12

10 4

Inches
[9)}

0 10 20 30
Centimeters

F

=3

g. 1. Concatenated measuring units indicative of invariant amount.

100
80
[ ]
@
B 601 .
L ]
= .
- .
T 40- °
[ )
..
20 b
[ ]
wee?®’
0 woonn®
0 20 40 60 80 100

EasyTest

Fig. 2. Ordinal measuring units indicative of order, not amount.

2.00

1.00 1

0.00 L

HardLogit
®

-5.00 +

300 -200 -100 000 100 200 300 400 500
EasyLogit

Fig. 3. A log-odds transformation of the Fig. 2 data.

10

g4 ...is associated with

N different size shifts

1 inthe probabilities
= 71 of change.
X 63
g‘ 5!
% : The same amount
.8 vy of change
o g, at two different

locations...

24

A

0.0-

4 ‘a3 ‘2 '3 To 1 2 3 3

Logits

Fig. 4. Finite score/percentage range vs. infinite measurement
continuum.

estimation process as a consideration in the definition of
the unit.

A second plank in the platform for uniform standards
for human, social, and natural capital involve a series of
experiments that focused on reproducing physical mea-
sures using the kind of ordinal data produced by ability
tests, performance assessments, and rating scales. The ab-
stract axioms are illustrated concretely when (1) a length
ruler with unevenly spaced ordinal units (Fig. 5) [49], (2)
intuitively judged paired comparisons of weight [50], (3)
judged ratings of distance away [51], or (4) paired compar-
isons of material density [52] (Fig. 6) are fit to a Rasch
model, and the resulting measures plot linearly with the
respective centimeters, grams, meters, and densities
(grams per cubic centimeter).

Given, then, the capacity of the models to recover from
ordinal data the same additive structures as those pre-
sented in accepted metrological standards, the third plank
in the platform emerges. In their multiplicative form,
Rasch’s models have the same structure as the laws of
natural science [1,53]. Measurement theoreticians and
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Fig. 5. Ordinal-based length measures plotted against centimeters [49].
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dimensional analysis methodologists have long noted that
the laws of physics are typically expressed as multiplica-
tions or divisions of measurements [54]. Rasch [1] devel-
ops an extended analogy based in Maxwell’s 1876
analysis of mass, force, and acceleration, expressed as

Ayj = F;/M, (1)

such that the acceleration A is equal to the ratio of the force
F of instrument j to the mass M of object v. The structure of
the Rasch Reading Law embodied in the Lexile Framework
for Reading [53] and the National Reference Scale for Read-
ing [55] can be read from the same equation, such that the
comprehension rate A is equal to the ratio of the reading
ability F of examinee j to the reading difficulty M of text
v. The stability of this relationship has been observed many
millions of times in the 55 years since Rasch scaled his first
reading test.

Fourth in the line of supports for the role of fundamental
measurement theory in the creation of capital metrology
standards is the fact that multiple independent studies of
the same variable show that constructs have markedly ro-
bust broadly mathematical properties across investigations

using different instruments with different respondents [56],
different instruments with the same respondents [57], or
the same instrument with different respondents [58]. Re-
search has repeatedly shown that variations on the same
unit of measurement are produced and reproduced across
samples of items and persons drawn from the same popula-
tions, across researchers, and across time and space (see
Figs. 7 and 8 for examples).

Fifth, this applicability is emphasized in hundreds of
published studies that populate the scientific literature in
dozens of fields and demonstrate the versatility and appli-
cability of Rasch’s models relative to a wide variety of tests,
surveys, and assessments. Examples of tests and surveys
studied for their broad mathematical properties range
from a test of the understanding of irony in poetry to mea-
suring attitudes and behaviors related to studying and
learning. The technical literature on measurement models,
estimation methods, and the statistical study of failures of
invariance is extensive.

These developments in theory and research have influ-
enced and shaped practical applications in dozens of fields,
in government, and in commercial enterprises. For in-
stance, high-stakes educational measurement has em-
ployed fundamental measurement theory for graduation,
admissions, certification, and professional licensure since
the early 1970s [59]. The most notable example of a com-
mercially available generalized metric is the Lexile Frame-
work for Reading (www.Lexile.com).

3. The role of metrology

Capital is abstract meaning brought to life in two
metrological phases [26,28,29,60] characterizing the
development of transferable representations, such as ti-
tles, deeds, and other legal, financial, and scientific
instruments [61]. In the first phase, something significant
is conceived, something meaningful is reduced from
experience and expressed in language. That is, meaning
is created experientially or experimentally by establish-
ing the abstract existence of something capable of stand-
ing rigorously independent of the laboratory producing it
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[26,27] and the written, geometrical, metaphorical, his-
torical, numerical, or dramatic figures carrying it. When
a figure of any kind functions as a symbol, any instance
of it is then potentially interpretable as significant in a
specific respect.

Once so conceived, the new form of life must be nur-
tured by progressively determining the limits of the envi-
ronment required to sustain it. A sense of these limits is
typically obtained via metrological ruggedness tests [27],
wherein the conditions under which the invariant additiv-
ity, divisibility, and mobility of the numeric or other sym-
bolic figures instrumental to capital representations come
to be understood. In the human sciences, such ruggedness
tests have taken the form of multiple independent experi-
mental investigations of the fit of data to mathematical
models of fundamental measurement [28,56-58]. In this
initial phase of capital formation, the form of life acts con-
sistently as an agent compelling agreement among investi-
gators as to its independent real existence [29].

For this potential to be made actual, for what has been
conceived and gestated to be born as an independent form
of life, the second, maturational, phase of development
must take place. In this phase, the symbol is mobilized
via a standardized inscription device within a network or
ecological niche prepared to recognize and accept it as a
common currency mediating the exchange of its particular
value. This kind of cross-laboratory coordination of instru-
ments, samples, operators, number systems, etc. is typi-
cally obtained by metrological round-robin trials [30]. In
this second phase are determined the various conventions
through which a particular form of capital will be recog-
nized for what is. Where the consistent display of invariant
properties characterizes the first phase of capital
formation, in the second phase the former agent of agree-
ment is transformed into a product of agreement [29].

After the second metrological phase has established it-
self as the paradigm dominating most applications, the
stage is set for the emergence of anomalies and the poten-
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tial deconstruction of ossified assumptions, and the subse-
quent derivation of new reductions [20,60].

A law of living capital [62] can be stated formally
because, as Rasch [1] observed,

Where this law [relating reading ability and reading dif-
ficulty via comprehension rate] can be applied it pro-
vides a principle of measurement on a ratio scale of
both stimulus parameters and object parameters, the
conceptual status of which is comparable to that of
measuring mass and force. Thus, ...the reading accu-
racy of a child. .. can be measured with the same kind
of objectivity as we may tell its weight.

To satisfy the requirements of this separability theorem,
hash marks on a ruler that appear evenly spaced must con-
sistently correspond with apparently evenly spaced differ-
ences observed in some relevant range of objects extended
in space, and vice versa. The convergence effected between
any one instrument and any one set of things measured
must then be generalizable in the sense that the same
qualitative relations must be found to hold (1) when the
instrument is applied to a new sample, and (2) between
any other instruments of the given type and any other
samples from the same population of objects. Studies of
this kind of invariance are the object of metrological rug-
gedness tests in the natural sciences and engineering.

Similar requirements must be posed and met in the hu-
man, social, and environmental sciences for their respec-
tive forms of capital to be brought to life. Examination,
survey, and assessment questions must also be required
to take up consistent and invariant orders and spacings
along measurement continua in association with appropri-
ately varying observations of human, social, or natural cap-
ital phenomena. Though such a requirement may seem too
rigid an obstacle for many instruments to overcome, it is
met fairly routinely in the context of probabilistic models
that allow for, and estimate, small amounts of error in
the calibrations and measures [1-9,55-59].

4. Trends demanding a new metrological infrastructure

Despite developments in measurement theory and
practice suggesting their viability, little or no effort has
yet been invested in national or global metrological stan-
dards for the variables of human, social, and natural capi-
tal. This will soon change as global financial managers
and investment analysts put 2 + 2 together. Four major fac-
tors are contributing to the emergence of metrological ref-
erence standards for the intangibles of human, social, and
natural capital.

First, the need to harmonize sustainable human activity
with the natural environment is prompting the emergence
of ecologically informed comprehensive economic models
focusing on the conception, birth, and maturation of living
capital [15,62]. These biomimicry models are based in the
increasing recognition that transparent and transferable
representations of living capital are fundamentally rooted
in metrology, since they are necessarily additive, divisible,
and mobile within the networks in which their value is rec-
ognized and accepted [26]. Many nations and international

aid organizations are therefore focusing economic devel-
opment efforts on building infrastructural capacities for
the low-friction flow of capital [63].

Second, the vital importance of human, social, and
environmental resources for the long-term sustainabil-
ity of economic relationships is now so apparent that
researchers and investment firms are developing met-
rics for measuring and managing these intangible
forms of capital [64-66]. Similarly, local, regional, na-
tional, and international governments are actively
exploring the creation of alternative productivity mea-
sures that more authentically gauge the positive and
negative value of human, social, and environmental im-
pacts [67].

These efforts have not yet fully articulated, much less
addressed, the challenge. Dissatisfaction with the nonlin-
earity of the ratings used, the lack of effective quality
assessment of the data, and the incommensurability of
instrument-dependent ratings and scores will eventually
create opportunities for metrological entrepreneurs in this
area. These opportunities will be supported by the fact
that, in many respects, Rasch’s probabilistic measurement
models synthesize, reframe, and efficiently package key
econometric assumptions and methods [68], as could be
expected given his mentoring and collaborations with
econometricians, such as Ragnar Frisch and Tjalling Koop-
mans [69].

Third, the economic power of distributed cognition -
the “wisdom of crowds” effect — stems from the way
metrological infrastructure makes it possible for us to
more fully realize the maxim of “acting local, thinking
global” [70]. To reward improved quality, consumers need
to be able to think and act in concert, on the basis of readily
available, accurate, and universally uniform information.
To improve quality, service providers also need to be able
to think and act in concert without having to laboriously
communicate facts expressed in locally dependent incom-
mensurable metrics.

Fourth, though the major barrier to the development
of reference standards is the cost, that cost is an invest-
ment providing substantial returns in human, social, and
economic value. It has been estimated that investments
in metrological infrastructure in the US amount to two
to three times the value of investments in research as a
whole [26]. Universal reference standards and metrolog-
ical improvements benefit everyone, with economic re-
turns on investment ranging from 40% to over 400%
[71]. Because the cost of providing standards is so high,
even with returns of this size it is not economically fea-
sible for any one firm, or even group of firms, to under-
write the costs themselves. It is therefore essential to
have public support for the development and mainte-
nance of common metrics for human, social, and natural
capital.

It is only a matter of time until these factors converge
with the established value and utility of invariantly addi-
tive measures of human, social, and environmental capital.
The latent demand among investors, consumers, and qual-
ity improvement specialists for comparability is such that
international metrological organizations should already
be positioning themselves to provide the needed
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calibration and traceability services. In the next few years,
institutes for standards and technology will begin
establishing new divisions focused on creating and main-
taining universal uniform metrics for human, social, and
natural capital.

5. Recommendations for a new metrological culture

Though they are rarely explicitly employed, it is easy to
see that the axioms of fundamental measurement theory
are routinely assumed to hold in econometrics generally
and in the measurement of capital especially. Rasch devel-
oped his practical mathematical sensibility in a context
saturated with concern for these issues, with his own
parameter separability theorem and minimally sufficient
estimators markedly similar to previous work performed
by his mentor, Ragnar Frisch [72], and Frisch’s colleague,
Irving Fisher. The latter is celebrated as the foremost
American economist in the history of the discipline
[73,74].

The relationships between interest rates and inflation
described in the Fisher equation, for instance, or between
prices, the money supply, and quantities of available goods
in the derivation of an economic index [75], are typically
interpreted as satisfying Fisher’s parameter separation the-
orem [76]. This is so even though data are rarely tested in
explicit experimental tests of that hypothesis [77], and
even though mainstream economics persists in using
mathematical deductivist reasoning despite its general
failure in providing insight [14].

Why might explicit experimental tests of key assump-
tions be so rare? Why might the mathematical models typ-
ically employed not succeed in illuminating economic
conditions more clearly? Both of these questions could
have the same answer, namely, that too many unexamined
presuppositions about numbers and objectivity are simply
not justified. This point is increasingly of interest in fi-
nance, the history of science, and economics, as is shown
by the emergence of heterodox methods [78].

But the proper response to this situation certainly ought
not to be a methodological free-for-all, in which everything
is relative and anything goes. Instead, we ought to consider
the significance of the fact that Fisher’s equation of exchange
[73], written as it is as a multiplication or division of mea-
surements, and being explicitly presented in the form of a
balance scale model [79], expresses the same logic of lawful
relations as the laws of physics or a Rasch model. Indeed,
several different approaches to economic modeling can be
construed in this way, though they rarely have been so inter-
preted, and so have not yet “accomplished the close interac-
tion between observation and theory that is characteristic of
the natural sciences” [77]. But might efforts aimed at bring-
ing fundamental measurement theory to bear in economet-
rics succeed in accomplishing this goal? Might the close
interaction between observation and theory achieved in
the Lexile Framework’s modeling of literacy capital as a fun-
gible common currency serve as a model for how to proceed
with other forms of human, social, and natural capital?

The convergence of fundamental measurement theory
with heightened demand for meaningful, precise, and con-
venient aids to the management of living capital makes it

possible to formulate and propose the following
recommendations.

e Because the difficulty experienced in measuring capital
[66] is strongly related to the approaches used, those
interested in addressing the problem must be informed
about the relevant methods:

o instead of forcing unanimous agreement on the con-
tent and format of indicators, focus on criteria for
construct definition involving tests for additivity,
unidimensionality, and parameter separation;

o instead of setting the stage for confusion by basing
metrics in the instrument-dependent ratings of par-
ticular collections of indicators, set the stage for
transparency by basing metrics in universally avail-
able uniform metrics and equating instruments mea-
suring the same thing to the reference standard;

o instead of constraining the management of living
capital to a microscopic focus on its local definitions
and manifestations, liberate it by allowing its local
forms to be expressed in global terms;

o instead of defining living capital markets in the
manner of medieval European village markets, each
with their own distinct weights and measures,
define them instead in the manner of the Systéme
International d’Unités, so that they all refer to com-
mon metrics; and

o instead of encumbering the exchange of living capital
with numerous sources of friction, lubricate its flow
with the common currencies of metrological standards.

e Because of the large investments needed and the general
benefit to the greater good that is effected, the primary
location of instrument equating and item bank calibra-
tion should be shifted out of individual private concerns
into the public sphere.

o Investors are interested in maximizing returns over the
long term, and human, social, and natural capital met-
rics are increasingly seen as providing information vital
to achieving that goal, so shareholders in employee
stock option plans and retirement investment accounts
should lobby and agitate in favor of using universal
and rigorous human, social, and natural capital metrol-
ogy standards to guide investment policy.

e Investment banks interested in universally uniform fun-
gible metrics for human, social, and natural capital
should fund the establishment of academic centers
focused on advancing the theory and practice of living
capital metrology.

e Metrology agencies should institute education programs
to inform:

o the public about the new potentials for transparency
in human resource accounting, educational attain-
ment, and health care outcome measurement; and

o investment analysts and econometricians about the
value of universally uniform, invariant metrics for
each species of human, social, and natural capital.

e Standards groups composed of each type of stakeholder
invested in the development of uniform measures for
human, social, and natural should be formed to oversee
their creation, development, and maintenance.
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o Existing efforts in academia, government, and business
aimed at establishing invariant standards for specific
constructs measured via achievement tests, perfor-
mance assessments, and surveys should be reviewed
and synthesized with the goal of creating universally
uniform metrics for each.

The broad scope of these recommendations gives pause in
a manner akin to Rasch’s realization that the separation
theorem posed very demanding conditions on data,
prompting his observation that “this is a huge challenge,
but once the problem has been formulated it does seem
possible to meet it” [1]. The spontaneous eruption in recent
years of leaderless global movements of concerned people
striving to improve the qualities of their lives, their socie-
ties, and their environments [61,80,81] gives hope that
the energy and resources needed to meet the challenges
posed will not be wanting.

6. Conclusions

Individuals, governments, and enterprises globally
want to measure human, social, and natural capital in or-
der to manage it better. Waste is the common root cause
of human suffering, sociopolitical discontent, and environ-
mental degradation [15]. Many industries have seen their
profit margins minimized in recent years and are looking
for new ways to reduce inefficiency. Similarly, investors
increasingly recognize that consistent growth in human,
social, and natural capital promises the stability needed
for sustainable long term profitability.

But the implications of human, social, and natural capi-
tal metrology extend far beyond the limits of commercial
interests. One often hears it said that government should
be run more like a business. Given the lack of relevant me-
trological standards, should we really be surprised at the
general inability of governments to effectively manage
human, social, and natural capital? Robert Kennedy said
it well 40 years ago,

Too much and too long, we seem to have surrendered
community excellence and community values in the
mere accumulation of material things. Our gross
national product - if we should judge America by
that - counts air pollution and cigarette advertising,
and ambulances to clear our highways of carnage. It
counts special locks for our doors and the jails for those
who break them. It counts the destruction of our red-
woods and the loss of our natural wonder in chaotic
sprawl. It counts napalm and the cost of a nuclear war-
head, and armored cars for police who fight riots in our
streets. It counts Whitman'’s rifle and Speck’s knife, and
the television programs which glorify violence in order
to sell toys to our children.

Yet the Gross National Product does not allow for the
health of our children, the quality of their education,
or the joy of their play. It does not include the beauty
of our poetry or the strength of our marriages; the intel-
ligence of our public debate or the integrity of our pub-
lic officials. It measures neither our wit nor our courage;
neither our wisdom nor our learning; neither our com-

passion nor our devotion to our country; it measures
everything, in short, except that which makes life
worthwhile.

To repeat, all human suffering, social discontent, and envi-
ronmental degradation can be traced to a common cause:
waste. In a comprehensively designed economic system,
global capital resources are not mechanically produced
and consumed in the name of profits. Rather, living capital
resources must be organically conceived, midwifed, and
nurtured in such a way that profits are value for life: the
growth of the total stock of living capital resources
[15,62,67].

Humanity will fulfill its potential only to the extent that
it embodies its ideals of justice and fair play in those mun-
dane and banal metrological systems that we take for
granted as a background and structure of daily life. As
Alder [82] put it,

To do their job, standards must operate as a set of
shared assumptions, the unexamined background
against which we strike agreements and make distinc-
tions. So it is not surprising that we take measurement
for granted and consider it banal. Yet the use a society
makes of its measures expresses its sense of fair dealing.
That is why the balance scale is a widespread symbol of
justice. .. Our methods of measurement define who we
are and what we value.

Metrologists [83,84] know better than most that no units
of measurement are born fully formed as universally avail-
able and uniform common indicators of quantity [26-30].
The transparency built into systems for the exchange of
capital value is not easily obtained. But as long as we go
on assuming either that we already have adequate metro-
logical standards for human, social, and natural capital, or
that such standards are impossible to achieve, our methods
of measurement will inadequately define who we are and
what we value.

Acknowledgments

Thanks to Michael Everett and A. Jackson Stenner for
their support of this work. Thanks also to the partici-
pants at the 2008 Annecy IMEKO TC1/7 symposium,
and to the anonymous reviewers, for their constructive
comments.

References

[1] G. Rasch, Probabilistic models for some intelligence and attainment
tests (Reprint, with Foreword and Afterword by B.D. Wright,
University of Chicago Press, 1980), Danmarks Paedogogiske
Institut, Copenhagen, Denmark, 1960.

[2] B. Wright, Solving measurement problems with the Rasch model,
Journal of Educational Measurement 14 (1977) 97-116.

[3] D. Andrich, Rasch models for measurement, Rasch models for
measurement, Sage University Paper Series on Quantitative
Applications in the Social Sciences, vol. 8, Sage Publications,
Beverly Hills, California, 1988.

[4] T. Bond, C. Fox, Applying the Rasch Model: Fundamental
Measurement in the Human Sciences, 2d ed., Lawrence Erlbaum
Associates, Mahwah, New Jersey, 2007.

[5] T. Dawson, Assessing intellectual development: three approaches,
one sequence, Journal of Adult Development 11 (2) (2004) 71-85.



1286 W.P. Fisher Jr./ Measurement 42 (2009) 1278-1287

[6] R. Smith, P. Taylor, Equating rehabilitation outcome scales:
developing common metrics, Journal of Applied Measurement 5 (3)
(2004) 229-242.

[7] W. Fisher Jr., R. Eubanks, R. Marier, Equating the MOS SF36 and the
LSU HSI physical functioning scales, Journal of Outcome
Measurement 1 (4) (1997) 329-362.

[8] G. Masters, Special issue: Programme for International Student
Assessment, Journal of Applied Measurement 8 (3) (2007) 235-335.

[9] M. Lunz, B. Bergstrom, R. Gershon, Computer adaptive testing,
International Journal of Educational Research 21 (6) (1994) 623-634.

[10] L. Finkelstein, Measurement and instrumentation science: an
analytical review, Measurement 14 (1994) 3-14.

[11] L. Finkelstein, R. Morawski, Fundamental concepts of measurement,
Measurement 34 (2) (2003) 1-2.

[12] L. Thurstone, Psychology as a quantitative rational science, Science
LXXXV (1937) 228-232.

[13] Y. Barzel, Measurement costs and the organization of markets,
Journal of Law and Economics 25 (1982) 27-48.

[14] V. Bigo, Explaining modern economics (as a microcosm of society),
Cambridge Journal of Economics, advance access publication, 2007.
Available from: http://cje.oxfordjournals.org/cgi/content/abstract/
bem058.

[15] P. Hawken, A. Lovins, H. Lovins, Natural Capitalism: Creating the
Next Industrial Revolution, Little, Brown, and Co., New York, 1999.

[16] M. Black, Models and Metaphors, Ithaca, Cornell University Press,
New York, 1962.

[17] T. Kuhn, Metaphor in science, in: A. Ortony (Ed.), Metaphor and
Thought, Cambridge University Press, 1979, pp. 409-419.

[18] S. Maasen, P. Weingart, Metaphors and the dynamics of knowledge,
Routledge Studies in Social and Political Thought, 26, Routledge,
London, 2001.

[19] T. Kuhn, The structure of scientific revolutions, in: O. Neurath, R.
Carnap, C. Morris (Eds.), Foundations of the Unity of Science: Toward
an International Encyclopedia of Unified Science, 2(1-9), University
of Chicago Press, 1970, pp. 53-272.

[20] T. Kuhn, The function of measurement in modern physical science,
Isis 52 (1961) 161-193.

[21] G. Rossi, An attempt to interpret some problems in measurement
science on the basis of Kuhn's theory of paradigms, Measurement 39
(2006) 512-521.

[22] D. Andrich, Understanding resistance to the data-model relationship
in Rasch’s paradigm: a reflection for the next generation, Journal of
Applied Measurement 3 (2002) 325-359.

[23] D. Andrich, Controversy and the Rasch model: a characteristic of
incompatible paradigms?, Medical Care 42 (2004) I-7-1-16

[24] E. Hutchins, Cognition in the Wild, MIT Press, Cambridge,
Massachusetts, 1995.

[25] B. Latour, Cogito ergo sumus! Or psychology swept inside out by the
fresh air of the upper deck: review of Hutchins’ Cognition in the Wild,
Mind, Culture, and Activity: An International Journal 3 (1995) 54-63.

[26] B. Latour, Science in Action: How to Follow Scientists and Engineers
Through Society, Cambridge University Press, 1987.

[27] G. Wernimont, Careful intralaboratory study must come first, ASTM
Standardization News 6 (1978) 11-12.

[28] W. Fisher Jr., Objectivity in psychosocial measurement: What, why,
how, Journal of Outcome Measurement 4 (2000) 527-563.

[29] M. Wise, Precision: agent of unity and product of agreement: part III.
Today precision must be commonplace, in: M.N. Wise (Ed.), The
Values of Precision, Princeton University Press, 1995, pp. 352-361.

[30] J. Mandel, Interlaboratory testing, ASTM Standardization News 6
(1978) 11-12.

[31] L. Mari, Epistemology of measurement, Measurement 34 (2003) 17—
30.

[32] L. Mari, The problem of foundations of measurement, Measurement
38 (2005) 259-266.

[33] W. Fisher Jr., Mathematics, measurement, metaphor, metaphysics:
part L. Implications for method in postmodern science, Theory &
Psychology 13 (2003) 753-790.

[34] W. Fisher Jr., Mathematics, measurement, metaphor, metaphysics:
part II. Accounting for Galileo’s fateful omission, Theory &
Psychology 13 (2003) 791-828.

[35] W. Fisher Jr., Meaning and method in the social sciences, Human
Studies: A Journal for Philosophy and the Social Sciences 27 (2004)
429-454.

[36] D. Ihde, Expanding hermeneutics: visualism in science,
Northwestern University Studies in Phenomenology and Existential
Philosophy, Northwestern University Press, Evanston, Illinois, 1998.

[37] D. Ihde, Instrumental realism: the interface between philosophy of
science and philosophy of technology, The Indiana Series in the

Philosophy of Technology, Indiana University Press, Bloomington,
Indiana, 1991.

[38] P. Heelan, Natural science as a hermeneutic of instrumentation,
Philosophy of Science 50 (1983) 181-204.

[39] P. Heelan, The scope of hermeneutics in natural science, Studies in
History and Philosophy of Science Part A 29 (1998) 273-298.

[40] P. Ricoeur, The model of the text: meaningful action considered as a
text, in: J.B. Thompson (Ed.), Hermeneutics and the Human Sciences:
Essays on Language, Action and Interpretation, Cambridge
University Press, Cambridge, England, 1981, pp. 197-221.

[41] G. Fischer, Derivations of the Rasch model, in: G. Fischer, I. Molenaar
(Eds.), Rasch Models: Foundations, Recent Developments, and
Applications, Springer-Verlag, New York, 1995, pp. 15-38.

[42] B. Wright, Fundamental measurement for outcome evaluation,
Physical Medicine & Rehabilitation State of the Art Reviews 11
(1997) 261-288.

[43] E. Andersen, Sufficient statistics and latent trait models,
Psychometrika 42 (1977) 69-81.

[44] G. Fischer, On the existence and uniqueness of maximum-likelihood
estimates in the Rasch model, Psychometrika 46 (1981) 59-77.

[45] R. Luce, ]J. Tukey, Simultaneous conjoint measurement: a new kind of
fundamental measurement, Journal of Mathematical Psychology 1
(1964) 1-27.

[46] L. Cohen, Approximate expressions for parameter estimates in the
Rasch model, British Journal of Mathematical and Statistical
Psychology 32 (1979) 113-120.

[47] D. Andrich, A. Lyne, B. Sheridan, G. Luo, RUMM 2020: Rasch
unidimensional models for measurement. Perth, Australia: RUMM
Laboratory Pty Ltd [www.rummlab.com.au], 2006.

[48] J. Linacre, A User’s Guide to WINSTEPS Rasch-model Computer
Program, v. 3.67.0. Chicago, Illinois: Winsteps.com, 2008.

[49] W. Fisher, Jr., Truth, Method, and Measurement: The Hermeneutic of
Instrumentation and the Rasch Model [Diss]. Dissertation Abstracts
International (University of Chicago Dept. of Education, Division of
the Social Sciences), 49, 0778A, 1988.

[50] S. Choi, Rasch invents Ounces, Rasch Measurement Transactions 11
(1997) 557.

[51] M. Moulton, Probabilistic mapping, Rasch Measurement
Transactions 7 (1993) 268.

[52] T. Pelton, V. Bunderson, The recovery of the density scale using a
stochastic quasi-realization of additive conjoint measurement,
Journal of Applied Measurement 4 (2003) 269-281.

[53] D. Burdick, M. Stone, A. Stenner, The combined gas law and a Rasch
reading law, Rasch Measurement Transactions 20 (2006) 1059-
1060.

[54] ]J. Ramsay, B. Bloxom, E. Cramer, Review of foundations of
measurement, vol. 1, by D.H. Krantz, et al. Psychometrika, 40
(1975) 257-262.

[55] R. Rentz, W. Bashaw, The national reference scale for reading: an
application of the Rasch model, Journal of Educational Measurement
14 (1977) 161-179.

[56] W. Fisher Jr., Physical disability construct convergence across
instruments: towards a universal metric, Journal of Outcome
Measurement 1 (1997) 87-113.

[57] W. Fisher, Jr., R. Harvey, RF. Taylor, P. Kilgore, KM. & C.K. Kelly,
Rehabits: a common language of functional assessment, Archives of
Physical Medicine and Rehabilitation 76 (2) (1995) 113-122.

[58] W. Fisher Jr., Foundations for health status metrology: the stability
of MOS SF-36 PF-10 calibrations across samples, Journal of the
Louisiana State Medical Society 151 (1999) 566-578.

[59] R. Smith, E. Julian, M. Lunz, ]. Stahl, M. Schulz, B. Wright,
Applications of conjoint measurement in admission and
professional certification programs, International Journal of
Educational Research 21 (1994) 653-664.

[60] W. Fisher, Jr. Reducible or irreducible? Mathematical reasoning and
the ontological method, in: M. Garner, K. Draney, M. Wilson, G.
Engelhard, Jr., W. Fisher, Jr., (Eds.), Advances in Rasch Measurement,
vol. 1, Maple Grove, MN, JAM Press, in press.

[61] H. De Soto, The Mystery of Capital: Why Capitalism Triumphs in the
West and Fails Everywhere Else, Basic Books, New York, 2000.

[62] W. Fisher, Jr., Bringing human, social, and natural capital to life:
practical consequences and opportunities, in: B. Duckor, Brown, K.
Draney, M. Wilson, (Eds.), Advances in Rasch Measurement, vol. 2,
Maple Grove, MN, JAM Press.

[63] E. Seiler, The role of metrology in economic and social development,
Computer Standards & Interfaces 21 (1999) 77-88.

[64] D. Andriessen, Making Sense of Intellectual Capital: Designing a
Method for the Valuation of Intangibles, Butterworth-Heinemann,
Oxford, England, 2003.



W.P. Fisher Jr./ Measurement 42 (2009) 1278-1287 1287

[65] J. Hand, B. Lev (Eds.), Intangible Assets: Values, Measures, and Risks,
Oxford Management Readers, Oxford University Press, 2003.

[66] C. Hulten, The architecture of capital accounting: basic design
principles, in: D. Jorgensen, J.S. Landefeld, W.D. Nordhaus (Eds.),
Conference on Research in Income and Wealth, April 16-17,
University of Chicago Press, Washington, DC, Chicago, 2004.

[67] M. Anielski, The Economics of Happiness: Building Genuine Wealth,
New Society, Gabriola, British Columbia, 2007.

[68] N.Keergdrd, Georg Rasch and modern econometrics, Presented at the
Seventh Scandinavian History of Economic Thought Meeting, Molde
University College, Molde, Norway, 2003.

[69] W. Fisher, Jr., Rasch, Frisch, and two Fishers: a social history of the
econometric origins of some widely used psychometric models, in:
Paper Presented to Rasch Measurement SIG, American Educational
Research Association Annual Meeting, New York, 2008.

[70] P. Magnus, Distributed cognition and the task of science, Social
Studies of Science 37 (2007) 297-310.

[71] NIST, Appendix C: assessment examples. Economic impacts of
research in metrology, in: C. o. F.S. Subcommittee on Research,
(Ed.), Assessing Fundamental Science, Washington, DC, NSTC, 1996.
Available from: <http://www.nsf.gov/statistics/ostp/assess/nstcafsk.
htm#Topic%207>; accessed 10 June 2008.

[72] R. Frisch, Necessary and sufficient conditions regarding the form of
an index number which shall meet certain of Fisher’s tests, Journal of
the American Statistical Association 25 (1930) 397-406.

[73] R. Allen, Irving Fisher: A Biography, Blackwell, Cambridge,
Massachusetts, 1993.

[74] W. Barber, Irving Fisher of Yale, American Journal of Economics &
Sociology 64 (2005) 43-55.

[75] R. Dimand, The quest for an ideal index: Irving Fisher and the
making of index numbers, in: M. Rutherford (Ed.), The Economic
Mind in America, Routledge, New York, 1998, pp. 128-144.

[76] A. Hochstein, A Keynesian view of the Fisher separation theorem,
Atlantic Economic Journal 29 (2001) 469.

[77] C. Hillinger, Measurement in economics and social science (Tech.
Rep. No. 2007-19), Department of Economics, University of Munich,
2007.

[78] T. Lawson, The nature of heterodox economics, Cambridge Journal of
Economics 30 (2006) 483-505.

[79] M. Boumans, How economists model the world into numbers,
Routledge, New York, 2005.

[80] O. Brafman, R. Beckstrom, The Starfish and the Spider: The
Unstoppable Power of Leaderless Organizations, Portfolio (Penguin
Group), New York, 2006.

[81] P. Hawken, Blessed Unrest: How the Largest Movement in the World
Came into Being and Why No One Saw It Coming, Viking Penguin,
New York, 2007.

[82] K. Alder, The Measure of All Things: The Seven-year Odyssey and
Hidden Error that Transformed the World, The Free Press, New York,
2002.

[83] T. Busch, Fundamentals of Dimensional Metrology, 2nd ed., Delmar,
Albany, New York, 1989.

[84] C. Pennella, Managing the Metrology System, ASQ Quality Press,
Milwaukee, Wisconsin, USA, 1997.



