
Invariance in Measured Quantities across the Sciences 
William P. Fisher, Jr1 

1 BEAR Center, Graduate School of Education, University of California, Berkeley, USA,  
Senior Scientist, Research Institute of Sweden, & Living Capital Metrics LLC, Sausalito CA USA 

 
wfisher@berkeley.edu, wpfisherjr@livingcapitalmetrics.com 

Summary: 
Basic physical quantities for mass, length, duration, and charge exhibit structural invariances not differ-
ent in kind from those that also characterize probabilistically measured psychological and social quan-
tities. For over 50 years, the theory and practice of additive conjoint models for measurement introduced 
in the 1960s have demonstrated that the scope of fundamental measurement is broader than was pre-
viously appreciated. This is especially apparent in the correspondences between the various log-interval 
scales employed in both the natural and the social sciences. These scales are conventionally treated in 
some fields as ratio scales by choosing convenient exponents, but are commonly expressed as log-
odds interval scales in the social sciences. In recent years, a metrological perspective focused on de-
fined quantity values using these kinds of scales has begun to emerge from collaborations of engineers 
and psychologists. The terms of the shared perspective on measurement concern a basis in modeling 
lawful regularities, predictive explanatory theories, and quality assured metrological traceability to con-
sensus standards. 
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Interval Scales across the Sciences 
Writing in 1986, Narens and Luce [1] say that 
mathematical models emerging in the 1960s 
provide "a basis for measuring a number of the 
basic physical quantities: mass, length, duration, 
and charge," observing "that much the same 
structure underlies the measurement of probabil-
ity." The authors report that use of these models 
to obtain interval-scalable, fundamental meas-
urements of non-extensive, nonphysical, psy-
chological, and social constructs is "widely ac-
cepted." Given that 35 years have passed since 
that statement was made, the reader may well 
wonder why higher quality measurement has not 
yet been more widely achieved. 

The class of additive conjoint models being re-
ferred to falls under the heading of log-interval 
scales, which S. S. Stevens [2] added as a fifth 
entry in his taxonomy of four scale types (nomi-
nal, ordinal, interval, and ratio). Narens and Luce 
note that this kind of scale is used in multiple ex-
amples across the sciences (such as decibels, 
the Richter scale, pH acidity, stellar magnitude, 
entropy, and information) contrary to common 
perceptions that it is rare. 

Probabilistic models for measurement devel-
oped by Rasch [3-4] belong to this class of mod-
els [5-7] expressing interval units in log-odds 
form. Rasch [4] recounted that, when developing 

his initial model, "I imagined...that the reading 
ability of a student could be characterized in a 
quantitative way--not through a more or less ar-
bitrary grading scale, but by a positive real num-
ber defined as regularly as the measurement of 
length."  

These models, their estimation, fit assessment, 
software applications, implementations, and pro-
fessionalization were significantly advanced by 
Wright [7-8], his students and colleagues [9], and 
Rasch's students [6, 10]. 

Models and Modeling Take Pride of Place  
Nersessian [11] notes that "A significant seg-
ment of history and philosophy of science now 
gives models and modeling pride of place among 
scientific tools and practices." She and others 
[12-13] argue that reasoning with model systems 
takes place within socially distributed cognitive 
systems as constraint satisfaction processes in 
which mental and physical models co-evolve. A 
key point is that the conjoint interactions of men-
tal and physical models do not occur in the iso-
lation of a single person's mind but instead are 
integrated with cognitive resources embedded in 
the external shared social environment. These 
resources take the form of everyday languages' 
alphabets, dictionaries, phonemes, grammars, 
etc., as well as the more technically complex 
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standards of scientific languages' unit defini-
tions, mathematical models, instrument calibra-
tions, quality assurance methods, etc. 

The similarity or goodness of fit of the model de-
fines the relationship between mental and phys-
ical realities in much the same way they do for 
the relationships between mental and psychoso-
cial models [15]. Successful models support lo-
cal inferences and insights that cannot be en-
tirely anticipated in research. Models are manip-
ulated by changing their features and trying them 
out experimentally across contexts, with the aim 
of assessing their applicability, fit, and useful-
ness.  

Nersessian establishes that scientific modeling 
does not enjoy any special advantage conferred 
by a supposed superior tractability of its objects 
of investigation. She focuses on the ways in 
which normal everyday cognitive operations are 
extended in science. Basic processes of analogy 
embedded in social and technical contexts work 
much the same way in normal language usage 
as they do in scientific language usage. 

 New Metrological Horizons 
Nersessian's account of the place of models and 
modeling in the history of science emphasizes 
the importance of models that are in principle 
identifiable: that are structured to have a capac-
ity to locate, describe, and potentially explain re-
peatably reproducible phenomena. The primary 
focus of scientific models of this kind is not, then, 
descriptive, as in statistical modeling, but, rather, 
prescriptive. This orientation in modeling is im-
portant for the lesson learned from history: sci-
entific laws are not discovered via measurement; 
rather, measurement requires that the laws are 
already in hand [15]. Thus we have the special 
significance of the fact that Rasch [3] intention-
ally structured his probabilistic models to have 
the same form as Maxwell's treatments of New-
ton's Second Law. The implications of this ca-
pacity to see the same mathematics in geometry, 
physics, and psychology [16] are increasingly 
explored in collaborations among metrologists 
and psychometricians [17-20].  
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