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1 Introduction: imagining the viability,
feasibility, and desirability of extending
the SI to include the psychological
and social domains

Abstract: Metrology — quality-assured measurement — provides a commonsense way
of connecting scientific and mathematical thinking with everyday thinking. Today’s
predominant approaches to quantification in psychology and the social sciences are
inadequate to the urgent challenges humanity faces. Instead of hollow imitations of
the measurement methods employed in physics, a metrological perspective grounds
measurement across the sciences in cognitive and social processes familiar to all. In-
stead of foregrounding quantification as the primary determinant of measurement
thinking, a more productive path forward orients social and psychological measure-
ment toward the same sources in everyday thinking that were extended into science
by physicists and engineers. In this introduction to Models, Measurement, and Metrol-
ogy Extending the SI: Trust and Quality Assured Knowledge Infrastructures, we take up
misconceptions about measurement, describe the chapters in this volume, summarize
the history of developments in measurement theory, recount some recent social his-
tory, and generally pursue some implications of the metrological shift in perspective.

Keywords: psychological measurement, measurement modeling, metrological trace-
ability, history of measurement, philosophy of science, psychometrics, Rasch models,
quality assurance

1.1 To begin

As an introduction, our aim is to describe a metrological frame of reference for the other
chapters in this book. A metrological context for psychological and social measurements
will certainly sound, at the very least, counterintuitive to many readers. The very notion
blatantly contradicts the analytical, statistical, and ordinal methods of quantification asso-
ciated with achievement tests, surveys, rating scales, and assessments of various kinds.
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Metrology — which has been formulated predominantly in the physical sciences — struc-
tures measurements read from instruments calibrated to quality-assured interval or ratio
unit standards and disseminates traceability throughout networks of end users in support
of interoperability. In psychology and the social sciences, in contrast, quantitative meth-
ods have traditionally focused on centrally planned and controlled ordinal data gathering
and analysis. That shift in context of metrology to include psychological and social do-
mains requires some elaboration, as many readers will not only be unfamiliar with it,
they understandably may also find it inappropriate, misleading, or misguided.

This chapter briefly addresses some common misconceptions and unexamined
preconceptions about measurement and metrology. This not only will draw out expli-
cations of longstanding and proven technical capabilities but will also highlight asso-
ciated social and moral capabilities that must be included in any account of this kind.
These latter are not rationalizations added on after the fact as ad hoc justifications for
a predetermined purpose but are integral to the logic, aesthetics, and ethics of mea-
surement. Measurement is, after all, deeply rooted in social contexts requiring a
shared sense of fair dealing, such as trade and taxation. Although these norms usually
remain in the background as unexamined assumptions, they nonetheless influence
and shape the form of the agreements and distinctions we make (Alder, 2002, p. 2). In
this respect, the standards we set and accept as guidelines for respectable or criminal
behavior define what we value. This book takes up the problem of whether the stand-
ards informing our governance, market, educational, health care, and environmental
institutions today adequately represent our cultural self-image, or if perhaps we
could do better at living up to the ideals represented by the symbolic scales of justice.

These considerations point us toward a key insight, namely, that “the develop-
ment from the spoken language . . . to symbols and pictograms . . . to what we now
understand as written language is a perfect standardization process” (Weitzel, 2004,
p- 11). Taking the development of written language as a model for an extended SI af-
fords some key advantages. After documenting a detailed history of various efforts
aimed at improving the human condition, Scott (1998, p. 357) recommends language
as providing the best model for adaptable human institutions. He makes this recom-
mendation because language is “a structure of meaning and continuity that is never
still and ever open to the improvisations of its speakers.” The fact that the existing SI
undergoes continuous improvements while remaining in uninterrupted use speaks to
its continued performance as an extension of everyday language.

To succeed, an extended SI must also possess exactly that kind of globally navigable
comparability at the same time it accommodates local adaptations. The need for evolu-
tionary potential in an extended SI will arguably be even more important than in the
existing SI. This potential is realized by the demonstrated capacities of probabilistic
models of measurement. Those models support empirical and theoretical estimations of
measured quantities exhibiting persistent and reproducible invariances (within the
range of uncertainty) across the shifting memberships of human populations and the
contents of tests, item banks, and equated instruments. Measurement modeling in this
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context must encompass the complex demands of evolving circumstances, as the people
involved and the challenges they face constantly change. It must also provide a context
in which unique individuals can experience the powerful affirmation of feeling part of
something larger than themselves without at the same time being overwhelmed by it.
Given developments in psychological measurement theory and practice over the last 60
years and more, we feel confident this can be accomplished and has indeed been ac-
complished repeatedly over the last several decades.

This introduction cannot, of course, address the topic raised in anything approaching
a comprehensive manner. Indeed, an entire book or series of books would be insufficient
for that task. More fundamentally, one of the essential themes involved in this domain
concerns the fact that the value of metrologically informed measurement is not, and can-
not be, communicated primarily via merely cognitive forms of understanding. Lived ex-
periences involving personal engagement, emotional associations, embodied sensations,
economic and political consequences, creative opportunities for innovation, etc. will be
required before the ideas offered here can be properly understood and evaluated.

Finally, though many positive benefits may be expected to accrue from new metro-
logical infrastructures affording the mass distribution of higher quality and comparable
forms of information, we do not regard the challenges involved as simple or the solu-
tions as panaceas. We fully expect extending the SI into psychology and the social scien-
ces to be controversial and difficult, and resource intensive. In this, we accept the
lessons of history, recognizing that many of the original goals set over 200 years ago for
the West’s original unified system of decimalized metrics had to be abandoned or sig-
nificantly modified. Those lessons also show that significant returns on investment
were provided on massive up-scaling. The successes of those efforts have, however, al-
tered the environment in which they occurred to such an extent that instead of en-
hanced prosperity they now threaten catastrophe. New ideas more explicitly cognizant
of the organism-environment unity as the focus of natural selection are in order.

1.2 An audacious but grounded proposal: extending
the SI

Given the usual understanding of quantitative methods as assigning numbers to oper-
ations, or more colloquially, reducing things to numbers, many readers will likely
find the idea that the SI could be usefully, meaningfully, ethically, and productively
extended to apply to human affairs, a preposterous, and even a dangerous, proposi-
tion. Given the typical perception that the natural world is measurable because it is
inherently and automatically numerical, to many the notion of an extended SI applied
to human subjectivity will sound positively ridiculous and not worth considering.
Readers with some background in the history and philosophy of science will have a
somewhat — in some cases, a markedly — different perspective. This will especially be
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the case for those involved in science and technology studies, conceptual metaphor the-
ory, cognitive and developmental psychology, and related areas. Even for these readers,
however, the complexities of the issues may seem intimidating. Some few may find the
idea that the SI could plausibly be extended into human affairs to invite curiosity.

Those readers familiar with technical developments in measurement theory and prac-
tice, finally, may be breathing a sigh of relief that the topic has finally been broached in a
way that positions it as a matter for broad and serious consideration, and not as some-
thing to be dismissed out of hand. After all, the mathematical identity of measurement
models applicable across the natural and social sciences was deemed “widely accepted”
since the 1960s by two noted authorities almost 40 years ago (Narens & Luce, 1986).

One particularly lethal misconception about measurement must be immediately
addressed: measure equations and quantity equations are not to be confounded; they
are distinct concepts (Maxwell, 1873; de Courtenay, 2015). As can easily be shown, mea-
surement is at the same time not fundamentally or primarily a matter of quantifica-
tion (Mari et al., 2013, 2016). Many scientists, philosophers, and psychologists note that
the inferential processes involved in mathematical thinking and quantitative model-
ing are already present in everyday language and thinking (Black, 1946, pp. 304-305;
Bohr, 1963, p. 9; Einstein, 1954, p. 290; R. Fisher, 1935, p. 79; Guttman, 1994; Huxley,
1862, pp. 57-58; Nersessian, 2008). Metaphysically speaking, the intuition that the uni-
verse is somehow numeric in and of itself increasingly seems to be an incomplete and
undeveloped initial insight into the idea that existence is broadly mathematical, and
is so in profoundly logical, beautiful, and ethical ways. Understanding this does not
require a high-level technical understanding or a convoluted esoteric philosophy. A
commonsensical point of view is offered throughout this book, one that leads to end
results devoid of hairsplitting logical arguments of limited applicability. Our argu-
ments and those of the other authors of the chapters in this book instead open an
array of highly pragmatic opportunities for the advancement of the arts and sciences
and associated prospects for cultural and economic progress.

A hint that the SI could profitably be extended to include psychological and social
domains might be found in the repeated observations of multiple measurement
wheels reinvented ad nauseam in those areas over the last several decades. The repro-
duction of linearly comparable quantities across different studies employing different
instruments on different samples was, in general, highly unexpected and not pre-
dicted by the researchers involved. But persistently surprising convergences keep
coming to light. How are these results being produced? How can they be explained?
Could they possibly be systematically developed into a general frame of reference for
scientific methods? What might they mean for improved understanding and communi-
cations? What do they imply for social organization, and the relation of human beings
to the Earth and the world of nature? To begin answering these questions, we should
take a moment to retrace our steps and consider how we arrived at this point. We will
focus in turn on issues of meaningfulness, economic incentives and rewards, and first
philosophy, or metaphysics, after first giving an overview of the chapters in the book.
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1.3 The chapters

The chapters in this book demonstrate how interval and ratio level measurements of so-
cial and psychological constructs are in principle capable of comprising an extended SI
This capability follows from the definition and estimation of unit quantities that retain
their properties independent of particular samples and instruments. Quantitative meas-
urements of this kind have been produced using well-established probabilistic models and
methods for well over 50 years. The following chapters illustrate how to employ advanced
measurement modeling to obtain one or more of several advantageous affordances.

Part I of this volume presents various chapters under the heading of Theory and
Principles in Measurement and Metrology, while Part II takes up Designing and Cali-
brating Metrologically Viable Measurements: Methods and Applications. Leslie Pendrill
(2024) sets the stage by following through from historical developments in psychology
to present-day foundational studies of the applicability of traditional engineering of
measurement systems and concept systems (quantities, units and relations between
them) to human-based metrology. Matthew Barney and Feynman Barney (2024) then
envision an integration of metrology, psychological measurement models, and artificial
intelligence, describing how common metrics might be embedded in everyday life via
quantities unobtrusively inferred from decisions and behaviors. Ernesto San Martin
and colleagues (2024) explore the value of identified and partially identified models for
inferring causal relationships in measurement. Jeanette Melin (2024) expands on the
theme of causality in her investigation of validity as a matter of essential concern in an
extended conceptualization of the SI. William P. Fisher, Jr. (2024) concludes Part I with
reflections on some of the paradoxical reasons why metrological traceability to unit
standards is not typically considered possible in social and psychological measurement,
and how it is also eminently reasonable and urgently needed.

Part II’'s examples of metrologically viable measurement scaling begin with a contri-
bution from Robert Massof, Chris Bradley, and Allison McCarthy (2024) showing how clin-
ical signs and symptoms can be organized to model a continuous disease state variable.
Steve Lang and Judy Wilkerson (2024) follow this with a description of their journey in
the development of an affective assessment for measuring teacher dispositions, a domain
not nearly as well investigated as that of cognitive or behavioral constructs. Harry Kollias
(2024) contends with the often life-changing consequences of high-stakes assessments in-
volving panels of judges who vary in their perceptions of task mastery and the satisfac-
tion of performance standards. Greg Sampson and colleagues (2024) describe another
high-stakes assessment context involving similar multifaceted problems in the licensure
and certification of emergency medical technicians. Simon Karlsson and colleagues
(2024) address municipal sustainability metrics with the overt intention of capitalizing on
the metrological potentials of a distributed system of manageable metrics.

Trudy Mallinson (2024) asserts that “measurement is not a benign act” but has con-
sequences for equity and social justice that demand close attention in devising and ap-
plying justice-oriented anti-racist criteria for validating quantitative results. Linda
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Morell, Sean Tan, and Mark Wilson (2024) document the interrelationships of assess-
ment content and inferences as to competencies in the measurement of twenty-first
century skills. Dhanya Natha Kumar and Hrishi Joshi (2024) focus on surgical outcomes
assessments and how they could better contribute to the advancement of patient-
centered care if they were designed, calibrated, and maintained with closer attention to
fundamental measurement principles. Finally, David Sul (2024) takes up the question as
to how measurements need not elevate any single cultural worldview to a position
from which it is allowed to negate or erase the values of any other worldview.

In different ways, all these chapters show how a meaningful extension of the SI
to cover the psychological and social domains depends on and benefits from the fol-
lowing conceptual distinctions and methodological demands. Readers unfamiliar with
technical issues in measurement and metrology should approach the chapters with
the following in mind and might be motivated to explore these ideas at greater length
if practical applications are to be undertaken:

— Ordinal scores are not interval measurements, just as numeric counts are not
measured quantities (Wright, 1992b; Wright & Linacre, 1989). Everyone knows we
cannot say who has more rock when I have two and you have five, yet we persist
in fallaciously treating test scores as measurements in the absence of a defined
unit quantity. Even though psychology and the social sciences have for several
decades possessed the models and methods needed for defining and estimating
quantities from counts, global institutions continue to assume counts and percen-
tages of correct answers and of ratings suffice as quantitative measurements.
This book argues that there are firm reasons based in theory and evidence for
altering that circumstance.

—  Stevens’ (1946) initial categorization of four levels of measurement (nominal, ordi-
nal, interval, and ratio) was later augmented by a fifth log-interval level (Stevens,
1957, 1959) recognized by Narens and Luce (1986) as in productive use across the
natural and social sciences and in applications of additive conjoint measurement
models like those described in this volume. In a recent review, Marmor and Bash-
kansky (2020) consider adding new types of quality data to the well-known nomi-
nal, ordinal, interval, and ratio scales, including for example ranked data, as
previously proposed by Tukey (1986).

—  Ordinal score data volume is reduced by interval measurement with no loss of in-
formation, as individual observations are both necessary and sufficient to the esti-
mation of measurement model parameters (Andersen, 1977, 1999; Fischer, 1981).

—  Physical measurements of length and distance, mass, and density expressed in SI
units have been reproduced from ordinal observations via the application of
probabilistic conjoint measurement models (Choi, 1998; Moulton, 1993; Pelton &
Bunderson, 2003; Stephanou & Fisher, 2013).

—  The reproducibility of patterns of concrete observations from abstract measurements
and formal theory is never perfect, of course, so data displays revealing failures of
invariance pertinent to end user interests in improved outcomes are of value in
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bringing out qualitative exceptions to the rule (Allen & Pak, 2023; Chien et al., 2011,
2018; Fisher, Oon, & Benson, 2021; Wright & Stone, 1979; Wright et al., 1980).
Substantive integrations of qualitative and quantitative data and methods in forma-
tive assessments delineate learning progressions and map variation to locate indi-
viduals or groups relative to where they have been, where they want to go, and
what to do next (Black et al., 2011; Duckor & Holmberg, 2019; Morell et al., 2017).
Repeatable and reproducible definitions of meaningful additivity are essential to
models sufficient to the identification of constructs as independent, within the
range of uncertainty, of the sample measured and the instrument used to mea-
sure (San Martin & Rollin, 2013; San Martin et al., 2024; Wright, 1997a/b).

Despite persistent repetitions of the idea that Rasch’s models for measurement

are one-parameter IRT models, they have no connection whatsoever with item

response theory (Wright, 1984, 1997b). As CLiff and Keats (2003, p. 15) recognized,
it was only “by means of some highly dubious assumptions [that] the Rasch for-
mulation was generalized to what is now called Item Response Theory.”

— Neither Rasch nor any of the major contributors to the development of mea-
surement theory and practice based in Rasch’s models assert a connection
with IRT.

— Despite the inclusion of a model equation of the same form as those de-
scribed by Rasch, the meaning of the parameters is entirely different.

— IRT rationalizes unidentified and internally contradictory item parameters in
an overt prioritization of a modern, positivist focus on describing data pre-
sumed to exist independent of human interests.

—  This renders IRT constitutionally incompatible with measurement theory, as
has long been asserted (Andrich, 1989; Cliff, 1992, p. 188; Embretson, 1996a;
Lumsden, 1978, p. 22; San Martin et al., 2015; Verhelst & Glas, 1995, p. 235;
Wood, 1978, p. 31).

That the association of Rasch’s models with IRT persists despite repeated explana-

tions of the illogic involved may be another example of “effortless associative

thinking” (Kahneman, 2003, 2011; Simon, 1997, 2000) characteristic of bounded ra-
tionality and exemplifying the powerful constraints imposed on thinking by the
dominant paradigm:

—  Weiss (2021), for example, despite having “led the much of the seminal re-
search behind Computerized Adaptive Testing, and trained several genera-
tions of eminent psychometricians,” nonetheless
— continues to categorize Rasch’s models in IRT,

— holds that Rasch’s models have been “been replaced by more general
[IRT] models that allow test items to vary in discrimination, guessing,
and a fourth parameter,”

— considers the models’ invariance requirement to be an expendable as-
sumption, and
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— concludes that Rasch’s models “can best be viewed as an early historical
footnote in the history of modern psychometrics.”

—  This modernist IRT perspective is then inherently at odds with an unmodern
metrological perspective, both in theory and in the facts of the continued
rapid growth and development of Rasch-based theory and practice in the
field (Aryadoust et al., 2019).

— We may then have here an instance in which statistically oriented and mea-
surement-oriented communities of research and practice will have to agree
to disagree:

— In the spirit of the “unified disunity” and “convergent divergence” (Blok
et al., 2016, 2020; Bowker et al., 2015; Galison, 1997, 1999; Woolley & Fuchs,
2011) in thinking ineradicable from irreducible complexity, there is more
to be gained from passionately held differences of opinion than from hol-
low and coerced consensus.

— Of course, the unmodern paradigm does not eliminate metaphysics or
bounded rationality from playing roles in science; it can only expand the
limits in which “effortless associative thinking” obtains.

— When it does, and new ecological economies of thought transform to-
day’s scientific, legal, market, and communications infrastructures, few
will likely quibble over differences that do not make a difference.

— Multiple specialized software packages are available for testing empirical and
theoretical invariance hypotheses and for estimating measurement and calibra-
tion parameters, for a wide variety of models (Adams et al., 2020; Andrich et al.,
2017; Bulut, 2021; Doran et al., 2007; Hohensinn, 2018; Lamprianou, 2020; Li, 2006;
Linacre, 2023b, 2024; Melin & Pendrill 2023; Pendrill 2024; Robitzsch et al., 2020;
Torres Irribarra & Freund, 2014; Verhelst et al., 2007; Wilson et al., 2019).

— Comparisons of estimation algorithms and program outputs are available (Lina-
cre, 2023a; Linacre et al., 2013; Robinson et al., 2019; Yumoto & Stone, 2011).

- The Rasch.org website offers the full texts of authoritative books, Rasch Measure-
ment Transactions, and articles; information on software training workshops, and
conference calendars.

- Rigorous separation of levels of complexity, where formal construct theory explains
variation in abstract item calibrations and person measurements estimated from
concrete observations, enable theoretical, metrological, and experimental issues to
be dealt with by separate, collaborative communities of research and practice.

- Explanatory models that successfully predict and account for large proportions of
variation in instrument calibrations and sample measurements make it possible to
automate item generation on the fly and to infer ratings and measurements from
observed behaviors (Barney & Barney, 2024; De Boeck & Wilson, 2004; Embretson,
2010; Fischer, 1973; Stenner et al., 2013) and in some cases can even enable metro-
logical references for traceability (Pendrill, 2019, 2024; Melin et al., 2021).
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— Finally, and perhaps most counterintuitively to many readers, culturally specific
assessments can measure abilities and attitudes in terms meaningful to varied
communities without compromising broader capacities for comparability (MacIn-
tosh, 1998; Mallinson, 2024; Sul, 2024; Tennant et al., 2013; Teresi et al., 1995; Wil-
son, 1994a).

1.4 Some background history
1.4.1 Origins

L. L. Thurstone was a former electrical engineer who went into psychology, was the
first president of the Psychometric Society, was a co-founder of Psychometrika, and
was the director of examinations at the University of Chicago from 1924 to 1952. In
1928, he wrote:

The scale must transcend the group measured.—One crucial experimental test must be applied to
our method of measuring attitudes before it can be accepted as valid. A measuring instrument
must not be seriously affected in its measuring function by the object of measurement. To the
extent that its measuring function is so affected, the validity of the instrument is impaired or
limited. If a yardstick measured differently because of the fact that it was a rug, a picture, or a
piece of paper that was being measured, then to that extent the trustworthiness of that yardstick
as a measuring device would be impaired. Within the range of objects for which the measuring
instrument is intended, its function must be independent of the object of measurement. (Thur-
stone, 1959, p. 228)

Introducing the conception and purpose of the measurement models he devised, on
the first page of his 1960 book, Rasch expanded on this theme, saying:

Individual-centered statistical techniques require models in which each individual is characterized
separately and from which, given adequate data, the individual parameters can be estimated. It is
further essential that comparisons between individuals become independent of which particular
instruments — tests or items or other stimuli — within the class considered have been used. Sym-
metrically, it ought to be possible to compare stimuli belonging to the same class — ‘measuring the
same thing’ — independent of which particular individuals within a class considered were instru-
mental for the comparison. (Rasch, 1960, p. xx; also see Rasch, 1961, 1966a/b)

Rasch then intentionally formulated an individual-level model for measurement
structured on the basis of observations of any kind of physical or psychological
phenomenon:

taken as nothing more than an accidental response, as it were, of an object — a person, a solid
body, etc. - to a stimulus — a test, an item, a push, etc. — taking place in accordance with a poten-
tial distribution of responses — the qualification ‘potential’ referring to experimental situations
which cannot possibly be [exactly] reproduced. (Rasch, 1960, p. 115)
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Rasch showed that such response distributions “depended on one relevant parameter
only,” one chosen so that the same multiplicative law applied no matter whether ob-
servations involved people, solid bodies, test items, or pushes. He concluded that:

Where this law can be applied it provides 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 accuracy of a child . . . can be measured
with the same kind of objectivity as we may tell its weight. (Rasch, 1960, p. 115)

Four years later, in 1964, Luce and Tukey showed how:

the fundamental character of measurement axiomatized in terms of concatenation [is extended
to] qualitatively described ‘additivity’ over pairs of factors of responses or effects . . . [such that]
the additivity is axiomatizable in terms of axioms that lead to scales of the highest repute: inter-
val and ratio scales. (Luce & Tukey, 1964, p. 4)

They illustrated that measurement axiomatized on the basis of conjointly ordered
pairs of factors “apply naturally to problems of classical physics and permit the mea-
surement of conventional physical quantities on ratio scales,” concluding that:

In the various fields, including the behavioral and biological sciences, where factors producing
orderable effects and responses deserve both more useful and more fundamental measurement,
the moral seems clear: when no natural concatenation operation exists, one should try to dis-
cover a way to measure factors and responses such that the ‘effects’ of different factors are addi-
tive. (Luce & Tukey, 1964, p. 4)

In 1986, Narens and Luce, then, generalized from examples spanning different physi-
cal and behavioral contexts (“the ordering by mass of objects characterized by their
volume and density; the loudness ordering provided by a person for pairs of sounds,
one to each ear; and the preference ordering provided by an animal for amounts of
food at certain delays”). They showed that conjointly ordered effects of these kinds:

not only provided a deep measurement analysis of the numerous nonextensive, ‘derived’ struc-
tures of physics, but also provided a measurement approach that appears to have applications in
the nonphysical sciences and has laid to rest the claim that the only possible basis for measure-
ment is extensive structures. (Narens & Luce, 1986, p. 177)

On the basis of these results, Narens and Luce (1986, p. 169) say that, with the intro-
duction of the theory of additive conjoint measurement in the 1960s (Andersen, 1970;
Brogden, 1977; Fisher & Wright, 1994; Green, 1986; Luce, 1959, 1978; Luce & Tukey,
1964; Newby et al., 2009; Pelton & Bunderson, 2003; Perline et al., 1977; Rasch, 1960,
1961, 1966a/b; Wright, 1968, 1977), the view that interval-scalable, fundamental mea-
surement is possible for nonextensive structures became “widely accepted.” Andrich
(1988, p. 22) concurred, pointing out that, “ .. when the key features of a statistical
model relevant to the analysis of social science data are the same as those of the laws
of physics, then those features are difficult to ignore.”
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Despite the supposed wide acceptance of interval scalable results, these models
remain far from defining mainstream measurement theory and practice. Wright
(1968, 1977, 1997a/b, 1999; Wright & Masters, 1982; Wright & Stone, 1979, 1999) brought
Rasch’s ideas into fairly wide use, emphasizing that his models for measurement are
not data models but are definitions of the laws of measurement (Wright, 1988). Wright
and his colleagues and students (Bode et al., 2000; Chien et al., 2011; Connolly et al.,
1971; Kielhofner et al., 2005; Linacre, 1997; Liu, 2018; Massof, 2008; Mead, 2009; Smith,
1994, 1997; Stenner et al., 2013; Wolfe et al., 2000; Wright, 1997a, 2012; Wright & Sten-
ner, 1998; Wright & Stone, 1979) repeatedly addressed problems related to the defini-
tion of meaningful units and the design of instruments, applications, and reports
incorporating them.

Wright (1997a, 2012; Wright et al., 1980; Wright & Stone, 1979) thought to leverage
the inferential stability of established calibrations by making measurement and un-
certainty estimates, along with graphical response consistency evaluations, available
at the point of use as soon as observations were recorded. Given constructs proven
via explanatory theory and experimental evidence to be stable across multiple sam-
ples and instruments, the next case through the door would not likely alter the defini-
tion of what was measured. Instead of assuming measurement is only ever a product
of data analyses, repeated empirical validations of theoretical predictions afford the
opportunity to devise self-scoring forms interpretable at the point of use. Wright may
never have once included the word “metrology” in his writing, but he nonetheless ar-
ticulated a fundamentally metrological goal when he saw how on-the-spot applica-
tions could be supported by measurements read from quality-assured instruments
calibrated in a reference standard quantity.

In so doing, with no reference to the history of science, what Wright understood
about measurement as the actionable modeling of the real world was well described
by Ackermann (1985, pp. 143-144) when he noted that:

Once clear statements of fact have been achieved through instrumental investigation, the refer-
ence of fact seems fixed and objective, and indeed it is. The world has been discovered to show a
fixed and repeatable response in certain interactions as described in the language, and this re-
sponse is an objective consequence of these interactions. . . . This process of achieving or con-
structing reference for language by development of a domain we will call the microprocessing of
fact, after discussion of this phenomenon by Latour and Woolgar [1979]. When the process is
complete, the evidence of microprocessing disappears, and mere correspondence, the very corre-
spondence that has been slowly and carefully constructed, is all that remains.

Wright’s admonitions and recommendations in this regard are not often followed, but
the value of the probabilistic models of measurement he advocated was recognized by
many soon after they were introduced (Wilson & Fisher, 2017). These models have been
further explicated and increasingly applied in psychology, health care, and the social sci-
ences over the last several decades (Andersen, 1977, 1980; Andrich, 1978, 2010; Andrich &
Marais, 2019; Aryadoust et al.; 2019; Bezruczko, 2005; Boone & Staver, 2020; Embretson,
1996b, 2010; Engelhard, 2012; Fischer, 1973, 1981; Fischer & Molenaar, 1995; Fisher &



12 =—— William P. Fisher Jr. and Leslie R. Pendrill

Wright, 1994; Hagell, 2014, 2019; Loevinger, 1965; Massof, 2008; Masters & Keeves, 1999;
Pendrill, 2019, 2024; Melin et al,, 2021; Pesudovs, 2006, 2010; Salzberger, 2009; Smith &
Smith, 2004, 2007; von Davier & Carstensen, 2007; Wilson, 1992, 2018, 2023).

After expanding on developments in measurement theory dating back several cen-
turies, including the introduction of Rasch’s, and Luce and Tukey’s, additive conjoint
perspectives, Wright (1997, p. 44) concludes his history of social science measurement
saying that “Today there is no methodological reason why social science cannot become
as stable, as reproducible, and hence as useful as physics.” Although Wright (1997h,
p- 33) recognized the social roots of uniform metrics in society’s demands for fair taxa-
tion and trade, and though he clearly stated that “Science is impossible without an
evolving network of stable measures,” he did not reflect on the relevant metrological
challenges or opportunities. O. D. Duncan, in contrast, “the most important quantitative
sociologist in the world in the latter half of the twentieth century” (Goodman, 2007,
p. 131), articulated a metrological connection with Rasch’s models for measurement.
Duncan then plays a key role in expanding on Wright’s claim as to the methodological
potential for social science to become as stable, reproducible, and useful as physics.

1.4.2 Otis Dudley Duncan’s contributions

Over the course of the 1980s, Duncan introduced Rasch’s measurement models into
sociology. In so doing, Duncan (1984b, pp. 38-39) suggested “that social measurement
should be brought within the scope of historical metrology, while that discipline
learns to take advantage of sociological perspectives.” Toward that end, Duncan ar-
gued that:

What we need are not so much a repertoire of more flexible models for describing extant tests
and scales . . . but scales built to have the measurement properties we must demand if we take
‘measurement’ seriously. As I see it, a measurement model worthy of the name must make ex-
plicit some conceptualization — at least a rudimentary one — of what goes on when an examinee
solves test problems or a respondent answers opinion questions; and it must incorporate a rigor-
ous argument about what it means to measure an ability or attitude with a collection of discrete
and somewhat heterogenous items.

Thurstone explicated the meaning of measurement as it might be accomplished by such an
instrument. Rasch provided the formalization of that meaning. (Duncan, 1984b, p. 217)

Complementing that view on models implementing a rigorous conception of measure-
ment, Duncan (1984b, pp. 206-207) gives a long list of “ambiguous and poorly discrim-
inated concepts” as evidence of “the prevailing chaos in which there is a multiplicity
of ‘tests,” ‘scales,” or ‘instruments’ ostensibly serving as ‘measures™ but which fail to
live up to even a generous sense of the word. He cites research showing:

many instances of the same items (questions, or statements calling for an agree/disagree re-
sponse) in tests intended to measure different constructs, different and dissimilar items in tests
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with the same or similar names, a widespread habit of arbitrarily modifying tests when applying
them in new research (and thereby precluding comparison or any benefit of standardization),
and the replacement of old scales by new ones without cross-calibration between them and with-
out demonstration of improved validity. (Duncan, 1984b, p. 207)

The phenomenon of myriad incommensurable metrics was also once the case in phys-
ics, as Duncan brings out in his notes on historical metrology and has also long been
amply demonstrated in the history of science (Alder, 2002; Ashworth, 2004; Black,
1962; Crosby, 1997; Hesse, 1970; Kula, 1986; Nersessian, 2008; Roche, 1998; Wise, 1995).

In this context, somewhat inadvertently, Duncan is here offering evidence that
the dominant modern paradigm’s conception of science as describing an indepen-
dently given objective reality is fatally flawed. The question is, what methodological
conclusions might we draw from the historical coevolution of metric standards with
concurrent developments in conceptually aligned governance and economic princi-
ples, with the co-production of science and society (Bowker, 2016; Edelmann, 2022;
Thde, 1991; Jasanoff, 2004; Knorr Cetina, 1999; Power, 2004)?

The reductionist conception of quantity sees it as built up from elementary build-
ing blocks in the physical world. Here, wholes are the sums of parts. The associated
idea of measurement as only describing a pre-existing given reality not only fails to
hold in the history of the natural sciences but also undermines the very methodologi-
cal foundations of psychology and the social sciences. To be sure, there is a marked
and highly relevant distinction to be made between this naive sense of an inherently
quantitative universe and the objectively repeating and reproducible self-organized
phenomena that persistently exhibit consistent properties across samples, instru-
ments, laboratories, observers, time, and space. The point to be made is limited to no-
ticing that uncritically held metaphysical faith in a transcendent reality falsely makes
it appear that the incommensurability of metrics in sociology and psychology is a con-
sequence of human subjectivity disconnected from objective reality. It is nothing of
the sort.

Duncan’s description of the chaos in social measurement indirectly amplifies the
point made by Godel (1931) and a wide range of others (Garfinkel, 1991; Lerner &
Overton, 2017; Nagel & Newman, 1958; Toulmin, 1953; Wittgenstein, 1983) as to the ex-
istence of arithmetical truths that cannot be formally demonstrated. Gédel thought,
and many others have agreed, that his proofs of this theorem ought to have been ele-
vated to a fundamental principle of science equivalent to Einstein’s theory of relativ-
ity (Calude, 2002, 2007; Chaitin, 1994; Floyd & Kanamori, 2016). In this vein, Holton
points out that

we can find even among the most hard-headed modern philosophers and scientists a tendency to
admit the necessity and existence of a noncontingent dimension in scientific work. Thus Ber-
trand Russell speaks of cases ‘where the premises of sciences turn out to be a set of pre-
suppositions neither empirical nor logically necessary’; and in a remarkable passage, Karl
R. Popper confesses very plainly to the impossibility of making a science out of only strictly veri-
fiable and justifiable elements. (Holton, 1988, p. 41)
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The idea that science can subject the totality of its presuppositions to experimental
tests of truth or falsity has been roundly discredited for decades. Although no consen-
sus has emerged as to what this means for a methodical logic of science (Gadamer,
1981, 1989; Nielsen & Lynch, 2022; Weinsheimer, 1985), there are certainly strong indi-
cations that an emphasis on the playful absorption into dialogical relationships offers
a number of advantages for structuring a new perspective on the mutual implication
of subject and object (Dawson et al., 2006; Fisher, 2004; Nersessian, 1996; Overton,
2002). Perhaps it is not unreasonable to begin systematically investigating other op-
tions offering alternatives to modern dualist assumptions of alienated subjects and
objects (Fisher, 2019).

A great many cultural, economic, social, and psychological factors (Dewey, 1929;
Faber, 1999a/b; Gigerenzer, 1993; Haraway, 2022; Kauffman & Roli, 2023; Kline, 1980;
Overton, 2002; Prigogine, 1986, 1997; Prigogine & Stengers, 1984) contribute to the rea-
sons why a new scientific paradigm has yet to cohere. But the time is past for clinging
to counterproductive and obsolete ideas and methods, especially given the presence
of viable alternatives. If quantitative methods merely accept naturally given units,
then there would be no historical variation in the definitions of metric units or of the
physical and social constructs worthy of investigation. Duncan then offers the rele-
vant observation that:

All measurement is . . . social measurement. Physical measures are made for social purposes and
physical dimensions may be used by . . . scientists [in any domain of research or practice]. But
social measurement in a narrower sense deals with phenomena that are beyond the ken of phys-
ics. To extend historical metrology to include social measurement, therefore, will require some
modification of thought patterns. For one thing, we shall have to overcome our tendency to think
of social measurement or quantification as something external to the social system in the sense,
say, that the tailor’s tape measure is external to the customer’s waist. On the contrary, I argue,
the quantification is implicit — sometimes explicit, for an observer not blinded by methodological
preconceptions — in the social process itself before any social scientist intrudes. (Duncan, 1984b,
pp- 35-36)

The roots of social measurement in social processes can be traced from the ancient
Greek origins of mathematical thinking in Plato’s accounts of Socratic dialogue (Fisher,
1988, 1992, 2003a/h, 2004, 2010). Rigorous conceptions of qualitatively meaningful quantifi-
cation based in irreducible complexity (Commons et al., 2014; Dawson et al., 2006; Daw-
son-Tunik et al., 2005; Fischer & Dawson, 2002; Overton, 1998, 2002) can be seen to extend
everyday language into mathematical scientific language (Fisher, 2019, 2020, 2021, 2023).
The social processes leading to the production of this volume involved a personal
communication about Duncan between one of the authors (Fisher) and Benjamin
Wright in the late 1980s. Wright stated that he had been unable to persuade Duncan to
adopt Rasch’s models during in their early years as young professors at the University
of Chicago in the 1960s. Duncan later, however, grasped the essential differences be-
tween scientific and statistical models, worked through his understanding of the models
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from the bottom up, and forcefully advocated the adoption of Rasch’s perspective in
quantitative sociology (Duncan, 1984a/b/c, 1992; Duncan & Stenbeck, 1987, 1988).

But contrary to the arguments made by others as to the value of Rasch’s ideas,
Duncan did not frame his measurement perspective in terms of the choices made
among models for data analyses. Instead, he was cognizant of the challenges and op-
portunities posed by metrological unit definitions:

With the possible and, in any event, limited exception of economics, we have in social science no
system of measurements that can be coherently described in terms of a small number of dimen-
sions. Like physical scientists, we have thousands of ‘instruments,” but these instruments purport
to yield measurements of thousands of variables. That is, we have no system of units (much less
standards for them) that, at least in principle, relates all of the variables to a common set of logi-
cally primitive qualities. There are no counterparts of mass, length and time in social science . . ..
To the physical dimensions, economics adds money . . . . The fact that social science (beyond eco-
nomics) does not have such a system of measurements is, perhaps, another way of saying that the-
ory in our field is fragmentary and undeveloped, and that our knowledge is largely correlational
rather than theoretical.

Significant advances in the development of predictive theories and explanatory models
of measured constructs have occurred in the years before and since Duncan wrote (e.g.,
see Commons et al., 2014; De Boeck & Wilson, 2004; Embretson, 2010; Fischer, 1973;
Green & Smith, 1987; Smith, 1996; Stenner & Smith, 1982; Stenner et al., 2013, 2016, 2023).
Consistently reproducible correspondences of theory and evidence may bhe key factors
substantiating a basis for confidence in systems of measurements traceable to a new
class of candidate SI units. Documented instances (Barney, 2013, 2016; Barney & Fisher,
2016; Dawson, 2002, 2004; He, 2022; He & Kingsbury, 2016; Kingsbury, 2009; Pendrill
2019, 2024; Melin et al., 2021; Stenner et al., 2013; Stenner & Fisher, 2013; Williamson,
2018) of results demonstrating repeatable reproducibility of empirically stable and theo-
retically explained unit definitions set the stage for imagining, designing, and develop-
ing the kind of unit system Duncan has in mind. A major goal for us in compiling this
book is simply to put this idea on the table as a serious matter for consideration.

The present volume, then, joins Duncan and many others (Cohen, 1994; Guttman,
1977, 1985; Meehl, 1967; Michell, 1986; Rodgers, 2010; Rogosa, 1987; Wilson, 2013a) in
criticizing and offering alternatives to:

the syndrome that I [Duncan] have come to call statisticism: the notion that computing is synony-
mous with doing research, the naive faith that statistics is a complete or sufficient basis for scien-
tific methodology, the superstition that statistical formulas exist for evaluating such things as the
relative merits of different substantive theories or the ‘importance’ of the causes of a ‘dependent
variable’; and the delusion that decomposing the covariations of some arbitrary and haphazardly
assembled collection of variables can somehow justify not only a ‘causal model’ but also, praise
the mark, a ‘measurement model.” There would be no point in deploring such caricatures of the
scientific enterprise if there were a clearly identifiable sector of social science research wherein
such fallacies were clearly recognized and emphatically out of bounds. But in my discipline it
just is not so. Individual articles of exemplary quality are published cheek-by-jowl with transpar-
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ent exercises in statistical numerology. If the muck were ankle deep, we could wade through it.
When it is at hip level, our most adroit and most fastidious workers can hardly avoid getting
some of it on their product. (Duncan, 1984b, pp. 226-227)

Focused new developments in the direction away from “statisticism” and toward con-
sideration of the possible viability of extending the SI began in 2008. The record of
events recounted above prompted initiatives aimed at possible collaborations with
metrologists interested in transdisciplinary conceptual and operational overlaps with
psychology and the social sciences.

1.4.3 New alliances

Upon investigation, it turned out that some metrologists (Beges et al., 2010; Berglund
et al., 2012; Finkelstein, 1975, 1994, 2003, 2005; Mari, 2000, 2003, 2009; Mari et al., 2009;
Mari & Sartori, 2007; Pendrill, 2008; Pendrill et al., 2010) had been seeking thought
partners in psychology and the social sciences for years but had not identified addi-
tive conjoint models as a focal interest.

The International Measurement Confederation (IMEKO), whose membership is
composed of globally distributed national metrology institutes, became the forum in
which new alliances were formed. Conversations on measurement in physics and psy-
chology ensued at Joint Symposia organized by the IMEKO Technical Committees on
Measurement Science (TC7), Education and Training in Measurement and Instrumen-
tation (TC1), and Measurements in Biology and Medicine (TC13), with the later addi-
tion of Measurements of Human Functions (TC18) (Fisher, 2008, 2010, 2012, 2014). At
the 2008 IMEKO TC1-TC7-TC13 Joint Symposium held in Annecy, France, Ludwik Fin-
kelstein opened a session (Finkelstein, 2008, 2009), introducing the next presentation
(Fisher, 2009) and taking the opportunity to remark on a wide range of issues in the
history and philosophy of science and measurement. Finkelstein noted that, in com-
parison with metrologists in the natural sciences, psychological measurement re-
searchers had focused on model-based approaches to measurement on a broad scale
for a longer time. He also expressed his personal opinion that, because natural scien-
tists had the advantage of more thoroughly worked out theories, tools, methods, and
standards, psychometricians in general were confronted with more difficult concep-
tual challenges than metrologists. He said that the formulation of measurement mod-
els setting forth clear inferential requirements for estimating interval quantities from
ordinal observations was an important step forward in the advancement of measure-
ment theory and practice, and that psychologists had made significant contributions
deserving of increased attention in the natural sciences (Fisher, 2008).

At the 2010 IMEKO Joint Symposium hosted by Finkelstein, Sanowar Khan, Ken-
neth Grattan, and their colleagues in London, Finkelstein (2010, p. 2) said:
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The development of measurement science as a discipline has not paid adequate attention to the
wider use of measurement. It is increasingly recognized that the wide range and diverse applica-
tions of measurement are based on common logical and philosophical principles and share com-
mon problems. However the concepts, vocabularies and methodologies in the various fields of
measurement in the literature tend to differ. The development of a unified science of measure-
ment appropriate for all domains of application seems to be desirable.

At that 2010 Joint Symposium, Luca Mari raised the question as to what it could mean
for psychological and social instruments to be calibrated when calibration is always
to a standard SI unit, which psychology and the social sciences do not have. That ques-
tion immediately illuminated the nature of a mutually informative dialogue between
the natural and social sciences (Fisher, 2010, p. 1279). On the one hand, the natural
sciences lack, while psychology and the social sciences possess, decades of widely
adopted traditions and norms concerning how ordinal observations can serve as a
necessary and sufficient basis for estimating interval unit quantities and uncertain-
ties. On the other hand, psychology and the social sciences lack the natural sciences’
methods and expectations as to the value for communications, innovation, and com-
merce that stand to be obtained from distributed systems of instruments calibrated
and metrologically traceable to quality assured unit standards.

Mari then suggested that a leader in psychological measurement modeling should
be invited to give a special talk at the 2011 IMEKO Joint Symposium to be held in Jena,
Germany (Scharff & Linf3, 2011; Fisher, 2012a). Mark Wilson (2011, 2013b) gave that pre-
sentation and was backed up by several colleagues also presenting social and psycho-
logical measurement research applying Rasch’s additive conjoint models (Bezruczko,
2011; Cano et al., 2011; Cooper & Fisher, 2011; Fisher, 2011; Fisher & Stenner, 2011;
Granger & Bezruczko, 2011; Salzberger, 2011; Stenner et al., 2023). Several of these pre-
sentations were given in a session on fundamentals of measurement science chaired
by Klaus-Dieter Sommer, one of the editors of the De Gruyter Series on Measurement
Science in which this present volume appears.

Similar arrays of presentations on psychological and social measurement were
given at subsequent IMEKO Joint Symposia in Genoa, Italy, in 2013, in Madeira in
2014, at the IMEKO World Congress in Prague in 2015, and at the 2016 Joint Symposium
held at the University of California, Berkeley. This latter meeting was hosted by Wil-
son and Fisher (2016, 2018) and was the first such meeting attended by approximately
equal numbers of social and natural scientists. At the following IMEKO World Con-
gress in Belfast in 2018, a special session on psychological measurement was orga-
nized by Wilson and Fisher (2019), and significant participation by psychologists and
social scientists continued at the 2017 Joint Symposium in Rio de Janeiro (Costa-
Monteiro et al., 2018), Brazil; in St. Petersburg, Russia, in 2019 (Sapozhnikov & Tayma-
nov, 2019); and in 2022 in Porto, Portugal (Benoit, 2022, 2023). Over the course of these
recent years, Mari has productively collaborated with Wilson (Mari & Wilson, 2013,
2014) and Wilson’s former students David Torres Irribarra and Andrew Maul (Mari
et al., 2013, 2016, 2023; Maul et al., 2018, 2019; Wilson et al., 2015).
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The first decade of the new millennium saw the emergence of MINET, a network
audaciously entitled Measuring the Impossible, sponsored by the European Commis-
sion (Berglund et al., 2012; Pendrill, 2014; Pendrill et al.,, 2010). MINET brought together
a multidisciplinary consortium of metrologists, physicists, engineers, psychophysi-
cists, psychologists, and sociologists to address the challenges of measurements with
persons from a metrological perspective. Keynote MINET researchers ranged from
the BIPM Director Andrew Wallard to academics such as Giovanni Rossi (Genoa) and
Birgitta Berglund (Karolinska) to well-known figures such as Ludwik Finkelstein, Fred
Roberts, Damir Dzhafazov, and James Townsend. Parts of the MINET community sub-
sequently merged with others, including IMEKO and IOMW (International Objective
Measurement Workshop; Wright, 1992a, Wilson, 1992, 1994b; Engelhard & Wilson,
1996; Wilson et al., 1997; Wilson & Engelhard, 2000; Garner et al., 2010; Brown et al.,
2011; Duckor et al., 2015). These associations have formed the basis of several collabo-
rations (Cano et al., 2016, 2018a/b, 2019; Locoro et al., 2021; Melin et al., 2021; Pendrill &
Fisher, 2013, 2015; Fisher et al., 2019), which have continued to bear fruit, as is evident
in the production of several books in the Springer Series in Measurement Science and
Technology (Fisher & Cano, 2023; Mari et al., 2023; Pendrill, 2019; Wilson & Fisher,
2017) as well as this volume.

1.5 Closing comments

Jeckelmann and Edelmaier (2023, p. 3) observe that “An extension of the concept of
measurement will be necessary in future developments if the SI is to truly live up to
its claim to be the universal language for all sciences.” That extension need not, how-
ever, involve any further expansion of the oxymoronic concept of “ordinal quantity”
or distinctions between “kinds of quantities” introduced in recent editions of the In-
ternational Vocabulary of Measurement (JCGM, 2012, p. 15; Mari, 2009; Pendrill 2019).
On the contrary, as was suggested by Finkelstein in his 2008 IMEKO talk in Annecy, it
may be that the ongoing acceptance of ordinal scales for physical constructs such as
hardness will soon give way to new representations in interval and ratio units. But an
extended SI metrology for psychology and the social sciences will not be a mere eleva-
tion of those fields to a status akin to that of physics and the natural sciences. No, it
would rather seem that exciting implications for a new art and science of complexity
spanning the full range of fields are in store.
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