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Science is often described as nothing but the practice of measurement. This 
perspective follows from longstanding respect for the roles mathematics and 
quantification have played as the media through which alternative hypotheses 
are evaluated and experience becomes better managed. Many figures in the 
history of science and psychology have contributed to what has been called the 
“quantitative imperative,” the demand that fields of study employ number and 
mathematics even when they do not constitute the language in which 
investigators think together. But what makes an area of study scientific is, of 
course, not the mere use of number, but the existence of a community of 
investigators who share a common mathematical language for exchanging 
quantitative value. Such languages require a rigorous theory for each variable 
involved, and a reference standard quantitative metric to which each instrument 
brand or configuration must be equated. The values shared and exchanged by 
such communities typically involve the application of mathematical models 
that specify the sufficient and invariant relationships necessary for rigorous 
theorizing and instrument equating. This presentation explores the mathematical 
metaphysics of science with the aim of connecting principles of quantitative 
measurement with the structures of sufficient reason. 

The interpretability of psychological measures 

Science is often described as nothing but the practice of measure-
ment. This perspective follows from longstanding respect for the roles 
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mathematics and quantification have played as aids in evaluating alterna-
tive hypotheses and managing experience. Quantification was for centu-
ries uncritically accepted as the hallmark of science, and often still is, 
with many historical figures contending that: 

the “world is number” (Pythagoras); 
in Platonic fashion, “all causes of natural effects can be discovered 
by lines, angles, and figures” (Grosseteste); 
the “book of nature ... is written in mathematical language” (Galileo); 
“a doctrine of nature will contain so much science proper as there is 
applied mathematics in it” (Kant); 
“knowledge has become scientific to the extent that it is able to em-
ploy number and measure” (Nietzsche); 
“when you cannot measure ... your knowledge is ... meagre and unsat-
isfactory” (Thomson); 
“we hardly recognize a subject as scientific if measurement is not one 
of its tools” (Boring); 
“psychology advanced from prescience to science” “as a consequence 
of Fechner’s [measurement] contribution” (Adler) 
“until the phenomena of any branch of knowledge have been submit-
ted to measurement and number, it cannot assume the status and dig-
nity of a science” (Galton); 
“psychology cannot attain the certainty and exactness of the physical 
sciences, unless it rests on a foundation of experiment and measure-
ment” (JM Cattell); 
the “crucial method is that of measurement” (Spearman); 
“the universal validity of psychological results is guaranteed by the 
measurability of mental phenomena” (Kulpe); 
“science recognizes only quantities” (Freud); (all previous quotes from 
Michell, 1990, pp. 6-8); 
“in seeking the correct path to truth we should be concerned with 
nothing about which we cannot have a certainty equal to that of the 
demonstrations of arithmetic and geometry” (Descartes, 1961, p. 8); 
“the mathematical is the fundamental presupposition of the knowledge 
of things ... [and] of ‘academic’ work” (Heidegger, 1967, pp. 75-6); 
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“the foundation of modern thought and knowledge is essentially math-
ematical” (Heidegger, 1967, p. 76); 
“it is not word but number that is the real paradigm of the noetic” 
(Gadamer, 1989, p. 412); and 
“the ideal [mathematical] object is the absolute model for any object 
whatsoever, for objects in general” (Derrida, 1989, p. 66). 
Only recently, and not in all areas of the psychosocial sciences, has 

the automatic connection between mathematical thinking, quantification, 
and scientific status, referred to by Michell (Michell, 1990, 2000) as the 
quantitative imperative, been questioned. But too often the form this ques-
tioning takes implies a wholesale rejection of science, usually on the 
premise that quantification in the psychosocial fields is inherently reduc-
tionist, and that human behavior, attitudes, and abilities are better under-
stood qualitatively (Martin and Sugarman, 2001). 

A better-informed challenge to the quantitative imperative notes that 
standards for quantification and measurement are vastly different in the 
physical and psychological sciences. The idea that a field is scientific 
only to the extent that it is mathematical follows from the power wielded 
when researchers share a common quantitative language for meaningfully 
and usefully comparing amounts of a variable of interest. In psychology, 
the quest for so-called “gold standards” is doomed to failure as long as it 
depends on the definition of a single collection of test or survey items—a 
single brand of instrument—that all practitioners will agree on as meet-
ing their needs. Because such agreement has been lacking, each researcher 
invents her or his own instrument(s), and each of these have different 
units of measurement, since they ask different numbers of questions, and 
observations are scored in different ways. 

One way of stating the thesis of this article is that measurement will 
not make psychology scientific until each of the variables purportedly 
measured by the field’s various instruments 1) are determined to be quan-
titative via experimental tests, and 2) are equated to a reference standard 
metric, so that everyone everywhere who is interested in a particular vari-
able can participate in the ongoing conversation about that construct in a 
common quantitative language. The second of these points is the one that 
more obviously addresses interpretability, since a single reference stan-
dard range of quantities for each separate construct would be much more 
convenient and accessible than the current multiple ranges of alleged 
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measures. The first point concerning experimental tests of quantitative 
structure is where interpretability comes most fully to bear, and will be 
the focus of this article. 

“Reason Has Insight Only into that 
which It Produces after a Plan of its Own” 

To test experimentally the hypothesis that a variable is quantitative 
(Michell, 1990, 2000; Wright, 1977; Fischer, 1989) is to ask the question 
of reducibility or irreducibility: does a set of observations exhibit enough 
of a uniform internal consistency to justify treating the summed score as a 
sufficient statistic? Sufficiency is what makes a score meaningful and is 
commonly assumed as a property of data that are used for comparing 
individuals’ or groups’ abilities, attitudes, etc. (Andersen, 1977). If, how-
ever, the summed score does not extract all available information from 
the observations, it fails to function as a sufficient statistic since some-
thing other than it is needed to reproduce the pattern of responses across 
the items for a respondent, or the pattern of responses across the respon-
dents for an item. Sufficiency is important because it functions to support 
a rich qualitative sense of what makes measures interpretable. 

The qualitative, interpretive critique of quantitative method remains 
incomplete until it encompasses an ancient and deeper qualitative sense 
of mathematical thinking. In the history of psychology, Brentano, a teacher 
of both Freud and Husserl, is recognized for appreciating the possible 
need for qualitative methods in psychology (Michell, 1990, p. 8). Husserl 
(Husserl, 1970; Derrida, 1989), in his “Origins of Geometry”, focused on 
what he called Galileo’s “fateful omission” of the means by which the 
mathematical understanding of nature arose. Husserl’s student, Heidegger 
(Heidegger, 1967), then picked up the theme and elaborated on Kant’s 
(Kant, 1929, p. 20) (B xiii) realization that, in the wake of the scientific 
revolution 

all students of nature...learned that reason has insight only into that 
which it produces after a plan of its own, and that it must not allow 
itself to be kept, as it were, in nature’s leading strings, but must 
itself show the way with principles of judgment based upon fixed 
laws, constraining nature to give answer to questions of reason’s 
own determining. Accidental observations, made in obedience to 
no previously thought-out plan, can never be made to yield a neces-
sary law, which alone reason is concerned to discover. 
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This realization, “that reason has insight only into that which it produces 
after a plan of its own”, is crucial to connecting qualitative, interpretive 
methods with quantitative, experimental methods. The interpretation theo-
ries (hermeneutics) informing many contemporary psychosocial and cul-
tural studies rightly take the mutual implication of subject and object, and 
so the social construction of knowledge, both in science and in society at 
large, as a basic supposition and theme. What is less widely appreciated is 
the role that this interaction and mutual implication of thing and thought 
plays in the mathematical metaphysics of science. 

A wider sense of mathematics can begin from Descartes’ (Descartes, 
1961, p. 17) own recognition that, for the ancient Greeks, “the name ‘math-
ematics’ means the same thing as learning.” This general sense of the 
Greek category ta mathemata as learning or as a curriculum of what can 
be taught and learned is widely recognized in the mainstream of the phi-
losophy and history of mathematics (Bochner, 1966, pp. 24-26, 255; Bell, 
1931, p. 58; Heath, 1931, p. 5; Dantzig, 1955, p. 25; Wilder, 1965, p. 284; 
Slavkov, 1973, p. 91; Miller, 1921, pp. 78, 17), but is rarely pursued at 
any length. 

Heidegger, however, focused his attention on Greek mathematics in 
order to recover its wider implications for the conduct of science and the 
meaning of technological humanity (Heidegger, 1967, p. 67 ff; Heidegger, 
1977a, pp. 115-154; Heidegger, 1977b, pp. 118-120). He says that 

Ta mathemata means for the Greeks that which man knows in 
advance in his observation of whatever is and in his intercourse 
with things: the corporeality of bodies, the vegetable character of 
plants, the animality of animals, the humanness of man. Along-
side these, belonging also to that which is already-known, i.e., to 
the mathematical, are numbers. If we come upon three apples on 
the table, we recognize that there are three of them. But the num-
ber three, threeness, we already know. This means that number is 
something mathematical. Only because numbers represent, as it 
were, the most striking of always-already- knowns, and thus offer 
the most familiar instance of the mathematical, is ‘mathematical’ 
promptly reserved as a name for the numerical. In no way, how-
ever, is the essence of the mathematical defined by numberness. 
(Heidegger, 1977b, pp. 118-119; Heidegger, 1967, pp. 74-75) 

In the age of modernity and classical physics, Copernicus, Galileo, 
Descartes and others felt so confident about the stability of the nature of 



6 FISHER 

knowledge and existence as things that would always be sure in their 
status as “always-already-knowns” that they were willing to define the 
essence of mathematics as only numerical; because of their situation in 
their particular historical context, perhaps they could not have thought or 
acted in any other way. But in the same way that the autonomous Carte-
sian subject and the priority of method over truth rely upon unexamined 
assumptions concerning the nature of knowledge and existence, so too 
does the definition of the mathematical as purely numerical. 

So mathematical thinking has roots in both the interpretive construc-
tion of knowledge and in quantification and calculation (Fisher, 2003a, 
2003b, 2004). This is important because each aspect serves to mitigate 
the shortcomings of the other. For instance, those who value quantitative 
precision criticize, in a manner reminscent of Plato, the various forms of 
constructivism as either mere rhetorical excursions that legitimize any 
assertion one cares to make, or solipsistic self-confirmations of expecta-
tions and prejudices. On the other hand, those who strive for a metaphysi-
cally-informed method (that accepts and incorporates realization of the 
fact that all understanding is constrained within the paradigms of lan-
guage and culture) criticize psychology’s quantitative methods for over- 
rigid categorization and unjustified assumptions of comparability that 
ignore, gloss over, or reductionistically homogenize differences that might 
be the most important or interesting features of a research population. 

Contrary to what seems to be the predominant popular opinion in 
some areas of psychology, however, quantitative sciences, whether natu-
ral or human, are not inherently reductionistic or positivistic. One of the 
early innovators working both sides of the qualitative and quantitative 
mathematical divide remarked that “in scientific practice, ... the scientist 
often seems ... to be struggling with facts, trying to force them into con-
formity with a theory he does not doubt. Quantitative facts cease to seem 
simply ‘the given.’ They must be fought for and with, and in this fight the 
theory with which they are to be compared proves the most potent weapon” 
(Kuhn, 1961, p. 171; Kuhn, 1977, p. 193). Kuhn later adds that “some 
readers take my argument to mean that the committed scientist can make 
nature yield any measurements that he pleases. ... If what I have said is 
right, nature undoubtedly responds to the theoretical predispositions with 
which she is approached by the measuring scientist. But that is not to say 
either that nature will respond to any theory at all or that she will ever 
respond very much” (Kuhn, 1961, p. 176; Kuhn, 1977, p. 200). Heidegger 
(Heidegger, 1967, p. 93) concurs, saying that the realm of nature is axi-
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omatically projected by mathematical expectations so that “a line of ques-
tioning can be instituted in such a way that it poses conditions in advance 
to which nature must answer in one way or another.” 

Gendlin (Gendlin, 1967, p. 292) remarks briefly that Kuhn’s analysis 
of scientific revolutions are “highly consistent” with Heidegger’s sense 
of the mathematical creation of meaning. Similarly, Gadamer (Gadamer, 
1980, p. 164) says that Thomas Kuhn’s elaborations on “the significance 
of the paradigm for the progress of research” do “not seem to me at all 
contradictory to the logic of inquiry.” Both Heidegger and Kuhn focus on 
reason’s own plans, and its capacities, however nonlinear, spiralling, or 
zigging and zagging these may be, to facilitate learning through those 
plans by projecting their structures in ways that allow the metaphoric 
process or the analogical imagination to have new experiences and to 
formulate new concepts by contrasting expectation and observation. 

What keeps the process from becoming a vicious circle of self- 
fullfilling prophecy is the way in which scientific questioning remains 
open to unexpected answers, allowing experience to refuse the antici-
pated confirmation (Gadamer, 1980, p. 164; Gadamer, 1989, pp. 266, 350, 
363, 464; Heidegger, 1962, p. 195). “Modern science is experimental be-
cause of the mathematical project” (Heidegger, 1967, p. 93), a project 
“where thinking thinks itself ..., i.e., [takes] cognizance of that which we 
already have” (Heidegger, 1967, p. 104). It is only by contrasting some-
thing recognizable as what is already known with something unexpected 
and unknown that new learning takes place. 

This questioning attitude that connects known with known, perform-
ing the work that contextualizes and enframes the heretofore unexpected 
and unknown, permeates the practice of quantitative natural science, and 
has been self-consciously appropriated by interpretive, postmodern re-
searchers in the psychosocial sciences and cultural studies. The question 
emerging at this point focuses on what a postmodern quantitative method 
of mathematical modeling would look like, especially in the simultaneous 
discovery and invention, or isolation and creation, of phenomena that can 
be consistently reproduced for study and measurement. 

Symbols, Sufficient Reason, and Reduction 

Reduction takes place as soon as reason forms and applies a plan of 
its own, even when that plan is no more fully articulated than unexamined 
linguistic concepts allow. The process by which the auditory and written 
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symbols of language come to be recognized as standing for something is 
itself a form of reduction, an isolation of “this” from “all that” that occurs 
via interactions between the symbol, what it stands for, and those employ-
ing it (though it may actually be the case that the symbol does most of the 
employing). The relative isolation of some one kind of thing, a species or 
category, results in an indicator, a sound or a mark, that has come to de-
limit the conditions under which a particular phenomenon (variable, thing, 
construct) comes to a stand (Gadamer, 1989, p. 352). The symbol is not 
itself the phenomenon, but is all that is needed to evoke re-cognition of 
the phenomenon among those who understand it, i.e., those who have 
experienced the conditions under which the thing comes to a stand. 

For instance, to say that I saw a brown dog in the street immediately 
evokes a variety of images belonging to the combined sets of brown col-
ors, dogs, and streets. Provided with a color chart, you could pick out 
which shades are brown, which might be, and which are not. With the 
idea of a dog in mind, you could distinguish dogs from other animals, 
from plants, from machines, etc. Anyone trained in the language and who 
knows what a dog is, will, within some degree of error, recognize a dog as 
a dog. 

What is important about this exercise is the sufficiency and invari-
ance of the relationships between the symbols, the concepts, and the things 
themselves. The sounds and images that function as symbols for the con-
cept of “dog” are sufficient and invariant indicators for a particular spe-
cies of animal to the extent that they serve as consistent and reliable media 
for communicating and sharing meaning. That is, the kind of animal that 
counts as a dog typically exhibits a particular collection of features (fur, 
four legs, two eyes, two ears, a tail, paws, a mouth, anywhere from 2 to 
100 pounds in weight, etc.) that are recognized together as sufficient for 
an indication that a particular animal is a dog. No matter what kind of dog 
is involved and no matter what speaker of the language in which “dog” is 
a symbol is involved, the abstract concept dog remains constant, retaining 
its structure independent of the samples of particular dogs and particular 
speakers involved in it at any one time. 

The sufficiency of the name-concept relation in language provides 
the model for sufficient reductions (symbolizations) in mathematics, ge-
ometry, and scientific measurement. “Eudemos singles out Plato’s contri-
bution in his history of mathematics, namely, to have distinguished between 
name and concept (Simplicius Physics 98)” (Gadamer, 1980, p. 100). 
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Accordingly, “science and technology start from the universality of the 
concept” (Gadamer, 1989, p. 350). Plato placed philosophy in close asso-
ciation with mathematics because 

even he who has not yet seen all the metaphysical implications of 
the concept of pure thinking but only grasps something of math-
ematics . . . knows that in a manner of speaking one looks right 
through the drawn circle and keeps the pure thought of the circle 
in mind. (Gadamer, 1980, p. 101) 

Gadamer could easily be paraphrasing Plato. In Book VI of the Republic 
(510d) Plato writes that mathematicians 

make use of the visible forms and talk about them, though they 
are not thinking of them, but of those things of which they are a 
likeness, pursuing their inquiry for the sake of the square as such 
and the diagonal as such, and not for the sake of the image of it 
which they draw. 

Kant similarly points out that “the single figure which we draw is empiri-
cal, and yet it serves to express the concept, without impairing its univer-
sality” (Kant, 1929, p. 577) [A 714, B 742]. It is because he required 
students to comprehend that the object of philosophical inquiry is the 
abstract mathematical object that Plato put above the entrance to the Acad-
emy, “Let no one who has not grasped the mathematical enter here!” Ac-
cordingly, “the mathematical, in the original sense of learning what one 
already knows, is the fundamental presupposition of ‘academic’ work” 
(Heidegger, 1967, p. 76). 

But in contrast to the contemporary sense of mathematical work as 
primarily a business of calculating, Plato is emphasizing the fact that nu-
merical or geometrical figures and relationships are of less interest than 
the concepts they represent. It is important to remember that Plato was 
working in a Pythagorean world, since 

Pythagoreans take number and numerical relationships for exist-
ence itself and are unable to think of the noetic order of existence 
by itself, [so they never] see the real implications of the doctrine 
of ideas. (Gadamer, 1980, p. 35) 

Even though the ancient Greeks had been faced with the crisis of the 
irrationality of some triangles’ line segments throughout the century be-
tween Pythagoreas’ death and Plato’s writings (Dantzig, 1930, p. 26), “it 
is evident that prior to Plato a clear ontological conception of this differ-
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ence [between name and concept] . . . was lacking” (Gadamer, 1980, p. 
32); also see (Gadamer, 1989, p. 405). The condition of the possibility of 
science is the universality of the concept, and its paradoxical unity with 
and separation from the particular words and persons implicated in its 
birth, life, and death. As Gadamer (Gadamer, 1989, pp. 412-3) puts it, 

the sign has its being only in application, and so its ‘self’ consists 
only in pointing to something ‘other’. It must be foregrounded 
from the context in which it is encountered and taken as a sign, in 
order for its own being as an object to be superseded and for it to 
dissolve (disappear) into its meaning.... The more univocally a 
sign-thing signifies, the more the sign is a pure sign—i.e., it is 
exhausted in the co-ordination. Thus for example, written signs 
are co-ordinated with particular sounds, numerical signs with 
particular numbers, and they are the most ideal signs because their 
position in the order completely exhausts them. 

Numbers are the most easily recognized mathematical entities because 
they are the most ideal signs. The reason why science values number and 
measurement is because these are supposed to embody as nearly as pos-
sible the capacity for pure signification. In measurement and quantifica-
tion, pure signification happens when an instrument most fully realizes 
the pointing function. When an instrument functions mathematically, it 
coordinates the question and answer process in such a way as to transpar-
ently bring the abstract, ideal thing itself into view. The instrument has to 
do this without imposing its own existence as an object on the object of 
inquiry. Instruments are instruments in the full meaning of the word only 
to the extent that they themselves are exhausted by the coordination of 
thing and thought, word and concept. 

No instrument is ever fully transparent, and psychosocial measure-
ment theory and practice needs to be especially attuned to the issues of 
error, reliability, and the internal consistency of data (Andersen, 1980; 
Andrich, 1988; Benson, 1998; Cherryholmes, 1988; Cronbach and Meehl, 
1955; Cronbach, 1989; Messick, 1975; Messick, 1981; Messick, 1989; 
Wright, 1977; Wright and Masters, 1982). Even when error is acknowl-
edged, so few instruments have been calibrated to be as transparent as 
possible, via tests of the quantitative hypothesis that check for the conver-
gence and separation of name and concept, or word and thing, that much 
current psychological measurement remains “pre-mathematical” (Ballard, 
1978, p. 187). 
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In prioritizing content validity over construct validity (Cherryholmes, 
1988) in its tests and surveys, psychology focuses, in Pythagorean fash-
ion, on the concrete line segments of individual figures, instead of look-
ing through these at the abstract ideal. Because no effort is made to test 
the extent to which questions and answers belong together as consistently 
pointing together along a common line of inquiry, the numbers treated as 
measures remain dependent on the particular test or survey questions asked 
and on the particular sample responding. To the extent this is so, psycho-
logical researchers repeat the Pythagorean error of taking “number and 
numerical relationships for existence itself and are unable to think of the 
noetic order of existence by itself, [so they never] see the real implica-
tions of the doctrine of ideas” (Gadamer, 1980, p. 35). 

Theoretical reasons why tests of sufficiency and invariance are im-
portant, and methods for performing the tests on psychological data, have 
been proposed in many forms over the last 75 years and more, in the 
works of Fisher (Fisher, 1922; Fisher, 1934), Thurstone (Thurstone, 1925; 
Thurstone, 1926; Thurstone, 1927; Thurstone, 1928), Guttman (Guttman, 
1950), Loevinger (Loevinger, 1947; Loevinger, 1957), Luce (Luce, 1959; 
Luce, 1997; Luce and Tukey, 1964; Krantz, Luce, Suppes and Tversky, 
1971; Suppes, Krantz, Luce and Tversky, 1989; Suppes, Luce, Krantz 
and Tversky, 1990), Rasch (Rasch, 1960; Rasch, 1961; Rasch, 1977), 
Coombs (Coombs, 1964), and others (Andrich, 1978c; Andrich, 1985; 
Brink, 1972; Brogden, 1977; Engelhard, 1984; Engelhard, 1994; Feinstein, 
1987; Fischer, 1995; Michell, 1997a; Michell, 1997b; Perline, Wright and 
Wainer, 1979; van der Linden, 1994; Wright, 1985; Wright, 1999). When 
the quantitative hypothesis is not falsified, commonly used versions of 
these tests establish that the observed data (rating scale or test responses) 
support summarization as a sufficient statistic. Statistical sufficiency, iden-
tified by Ronald Fisher in the 1920s (Fisher, 1922; Fisher, 1934; Andersen, 
1977; Fischer, 1995; Wright, 1980, pp. xi-xii; Wright, 1997), is one of 
several ways of establishing whether an ideal, abstract object has emerged 
from the question and answer interchange and taken on a life of its own, 
independent of the particular questions and answers that have given birth 
to it. 

Hall, Wijsman, and Ghosh (1965) show “that the set of invariant rules 
based on a sufficient statistic is an essentially complete subclass of the 
class of invariant rules” (Arnold, 1988), where invariance is the stable 
structure and meaning of a quantitative unit across test/survey questions 
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and respondents. One especially easy to apply approach to modeling suf-
ficiency and invariance for different kinds of observations facilitated by 
tests and surveys emerged from the works of the Danish mathematician 
Georg Rasch. Rasch had studied with Fisher in London in the 1930s, and 
took special care to base his measurement models on the concept of suffi-
ciency, stating a mathematical separability theorem that prescribes the 
data structures necessary for parameter invariance over samples of per-
sons and items. Rasch focused on sufficiency because, as he (Wright, 
1980, pp. xi-xii; Andrich, 1997) later said, 

When a sufficient estimate exists, it extracts every bit of knowl-
edge about a specified feature of the situation made available by 
the data as formalized by the chosen model. ‘Sufficient’ stands 
for ‘exhaustive’ as regards the feature in question. 

What is left over when a sufficient estimate has been extracted 
from the data is independent of the trait in question and may there-
fore be used for a control of the model that does not depend on 
how the actual estimates happen to reproduce the original data.... 

The realization of the concept of sufficiency, I think, is a sub-
stantial contribution to the theory of knowledge and the high mark 
of what Fisher did.... His formalization of sufficiency nails down 
the ... conditions that a model must fulfill in order for it to yield 
an objective basis for inference. 

Fisher (1922) himself understood sufficiency as a crucial part of the math-
ematical foundations of theoretical statistics, deploring “the prolonged 
neglect into which the study of statistics, in its theoretical aspects, has 
fallen.” Michell (1990, p. 130), echoing Guttman (1950), interpreted the 
neglect of the mathematical principles at the foundations of statistical 
inference as negligence of measurement theory, saying that 

In general psychologists have ... found refuge in quantitative meth-
ods that, because they assume more, demand less foundational 
research as the basis for their application. Methods that always 
yield a scaling solution, like the method of summated ratings, are 
almost universally preferred to methods which ... do not produce 
a scaling solution when they are falsified by the data. Surpris-
ingly, vulnerability to falsification is commonly deemed by psy-
chologists to be a fault rather than a virtue. 

This is so even though the Encyclopedia of Statistical Sciences (Arnold, 
1988, p. 79) states that “most statisticians accept the principle that statis-
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tical analysis should depend only on a sufficient statistic.” Mining the 
same vein, Stevens (1951, p. 20) wrote that 

The scientist is usually looking for invariance whether he knows 
it or not.... The quest for invariant relations is essentially the aspi-
ration toward generality, and in psychology, as in physics, the 
principles that have wide applications are those we prize. 

Bachelard (Bachelard, 1984, pp. 36, 41), a philosopher of physical sci-
ence, agrees, saying, 

it is in the determination of invariants that the mathematization of 
the real finds its true justification.... The whole problem of scien-
tific knowledge of the real turns on the initial choice of math-
ematics. When one has fully comprehended ... that experimentation 
is always dependent on some prior intellectual construct, then it 
is obvious why one should look to the abstract for proof of the 
concrete. 

It may be that tests of sufficiency and invariance are rare in the psychoso-
cial sciences because most formulations of these tests have been so overly 
stringent that falsification of the quantitative hypothesis became a virtual 
certainty (Wilson, 1989). 

Rasch (Rasch, 1960; Rasch, 1961; Rasch, 1977) formulated his ap-
proach to implementing and testing for sufficiency and invariance as a 
separability theorem, which, in contrast with deterministic measurement 
approaches, explicitly accepts that models are heuristic fictions. As Rasch 
(Rasch, 1960, pp. 37-8) put it, “models should not be true, but it is impor-
tant that they are applicable....This also means that a model is never ac-
cepted finally, only on trial.” The point is not, however, as some might 
think, to give up on obtaining sufficiency and invariance when data do 
not fit a model. Close examination of “failures of invariance” (Wimsatt, 
1981) not only can illuminate data entry errors, ambiguous items, and 
simple mistakes, but can also lead to new insights into the structure of the 
variables of interest (Wright, 1977). 

Be that as it may, mainstream quantitative methods are in much the 
same position now as they were in 1922 when Fisher decried the pro-
longed neglect of statistical theory. As Michell (Michell, 1990, p. 130) 
put it, “vulnerability to falsification is commonly deemed by psycholo-
gists to be a fault rather than a virtue,” and very few measurement appli-
cations in the psychosocial sciences actually check for sufficiency and 
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invariance, although theoreticians and philosophers have been showing 
for decades, if not centuries, that these are the necessary foundations of 
statistical inference, and are assumed to hold even when they are not dem-
onstrated. 

Constructing and Deconstructing Reductions: 
Modeling Laws 

Software for tests and transformations is readily available (Adams 
and Kboo, 1995; Allerup and Sorber, 1977; ASC, 1996; Andrich, Lyne, 
and Sheridan, 2000; Andrich, Lynne and Sheridan, 2000; Fischer, 1997; 
Glas and Ellis, 1995; Gustafsson, 1979; Kelderman and Steen, 1988; 
Linacre, 1995; Smith, 1991; Linacre, 2004; Verhelst, 1993; Wu, Adams 
and Wilson, 1996), and the psychology and health care literature abounds 
with published examples of applications. A significant number of addi-
tional references are available when searching for related work on con-
joint measurement, latent trait theory, item response theory, or validity 
studies. 

Finally, “the reader who believes that all that is at stake in the axiom-
atic treatment of measurement is a possible canonizing of one scaling 
procedure at the expense of others is missing the point” (Ramsay, 1975, p. 
262). The point is that we are faced with a choice between 1) investing in 
mathematically rigorous measurement, or 2) accepting that “it may not be 
possible to live forever with a dozen different procedures for quantifying 
the same piece of behavior, each making strong but untestable assump-
tions which result in nonlinear plots of one scale against another” (Ramsay, 
1975, p. 262). 

The axiomatic treatment of measurement is not a canonization of one 
scaling procedure at the expense of others because it does nothing to close 
the door 1) on the huge variety of methods by which systematic observa-
tions of behavior, attitudes, etc. can be made, 2) on the many different 
methods available for formulating testable quantitative hypotheses, or 3) 
on the many different ways of estimating parameters and assessing suffi-
ciency, invariance, and consistency. The axiomatic projection of math-
ematical criteria for measurement quality is much less a canonization than 
it is what Gendlin (Gendlin, 1967, p. 291), in his commentary on Heidegger 
(1967), calls “a method of using many models, a method of using this 
human modeling power .... [that] is not this or that model, but the process 
of model-creating itself.” 
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The entire Rasch family of mathematical models (Masters and Wright, 
1984; Wright and Mok, 2000) implements his separability theorem in a 
manner that enables researchers to engage effectively in the process of 
model-creating itself for any measurable variable of interest. Each differ-
ent model addresses the constraints of a particular observational frame-
work. These frameworks might be structured by counts of correct answers 
from an examination (Rasch, 1960; Wright and Stone 1979), sums of rat-
ings from a survey or performance assessment (Andersen, 1973; Andersen, 
1977; Andrich, 1978a; Andrich, 1978b; Wright and Masters 1982), as-
signments of partial credit to multiple choice test answers (Andrich, 1978; 
Masters, 1982), ratings awarded by judges who vary in their propensity to 
be harsh or lenient (Linacre, 1989, 1997; Linacre, Engelhard, Tatum and 
Myford, 1994), or in a possibly infinite number of other ways (Adams 
and Wilson, 1996; Fischer, 1997; Wang, Wilson, and Adams, 1997, 1998; 
Wilson, 1989). 

The point is that none of these inherently ordinal kinds of observa-
tions begin life as automatically reducible to a quantitative signifier-sig-
nified coordination. Whether or not the variable is quantitative must be 
modeled in a way that facilitates and tests for parameter convergence and 
separation. And there are many methods of varying complexity and exact-
ness for implementing each model (estimating its parameters, error, and 
model fit): algebraic and approximative (Cohen, 1979), joint (uncondi-
tional) maximum likelihood (Wright and Douglas, 1977; Wright, 1988), 
pairwise comparisons (Choppin, 1968), fully conditional maximum like-
lihood (Andersen, 1973), and others, many of which are reviewed by 
Wright and Masters (1982), Linacre (1999), and Smith (2000). 

Furthermore, the common usage that refers to these models as the 
dichotomous model, the rating scale model, the facets model, etc. is not 
entirely correct either. The point at which modelling actually takes place 
is the point at which specific sets of law-like regularities in a particular 
domain are addressed. The names of the parameters estimated, and the 
symbols for them, ought to be restated for each variable investigated as 
part of the process of formulating the quantitative hypothesis. The same 
variable might be addressed via several different multiple-choice, true- 
false, and short answer tests, as well as performance and portfolio assess-
ments, for instance. If each different kind of observation is made on a 
separate sample, each data analysis cum instrument calibration will re-
quire a different model, but the names of the parameters would remain 



16 FISHER 

constant across models since they would hypothetically pertain to the same 
aspects of the same construct. If each different kind of observation, or 
some combination of them, is made on the same or linked samples, then 
all of the instruments could be equated onto a common metric in a single 
analysis that implements a mixed grouping of different submodels for 
each different kind of observation (Adams, Wu and Macaskill, 1997; 
Choppin, 1976; Engelhard and Osberg, 1983; Fisher, 1993, 1997a, 1997b, 
1998, 1999, 2000; Fisher, et al., 1995, 1997; Gonin, Lloyd and Cella, 
1996; Kelderman, 1986; Kolen and Brennan, 1995; Masters, 1985; Smith, 
1996; Smith and Kramer, 1992; Wilson, 1994; Wright and Bell, 1984; 
Zhu, 1998). 

Rather than one single “Rasch model,” and rather than a family of 
generic models that apply to different kinds of data, what Rasch, mea-
surement theory, and philosophy together provide are mathematical crite-
ria for formulating and testing different models of specific constructs. If, 
for instance, the construct of interest to mathematics educators is hypoth-
esized to be manifest in terms of correct responses to test questions, the 
model of interest states that mathematics ability b for person n minus the 
mathematical difficulty d of item i ought to be equal to the log-odds of 
success. The requirements here are 1) that any person with a particular 
score ought to have a higher probability of mathematics success on any 
item (whether or not it was on the test) than a person with a lower score, 
and 2) that any item with a particular score ought to have a higher prob-
ability of provoking success from any person (whether or not that person 
took the item) than an item with a lower score (Rasch 1960). 

Because no test presents the entire universe of possible items to every 
possible examinee, meaningful inference from test scores requires gener-
alization from the sample of persons who took the test to the population 
of all the people who might have, and from the sample of questions actu-
ally asked to the population of questions that might have been asked. Edu-
cators cannot purport to teach every conceivable aspect of a topic, or to 
test students on every conceivable problem that they might ever encoun-
ter. The nature of education and learning is such that we must presume to 
sample the universe of possible problems representatively enough to pre-
pare students to deal with the world. What mathematically rigorous mea-
surement enables us to do is to replace assumptions about tests and about 
the generalizability of measures with data quality requirements, based on 
principles of inference, that can be experimentally tested and improved 
for each individual construct. 
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Appendix: Reduction, Construction, 
and Creative Destruction 

Reduction is one of three moments in the life cycle of knowledge 
about a thing, the other two being Construction and Creative Destruction 
(this latter is often referred to as deconstruction) (see Figures 1 and 2). 
Reduction (R in the two figures) involves abstraction and formalization, a 
qualitatively or quantitatively mathematical coordination of signifier and 
signified, with the goal of naming or generalizing some observation. In 
poetry, metaphor makes a new experience communicable via an interac-
tion of its terms that opens up and conveys new meaning. All concepts are 
born as metaphors, and live only as long as they carry sufficient meaning 
to be constructively applicable. In science, mathematical models provide 
the most explicit and rigorous test of sufficiency and invariance in the 
form of instrument calibration and experimentation. 

Reduction may be pure or applied. Even a poetic metaphor that con-
veys a successful reduction may never capture the imagination of an age 
and condense into a widely used concept. Similarly pure scientific re-
search may entail logical consequences that have no practical applica-
tion. In some cases, successful reductions may remain dormant for some 
time before being absorbed into an application. 

Construction, the second phase in the life cycle of knowledge (C in 
the figures), is the application of a reduction in the building of commu-
nity and communication. Communicability requires the common unity of 
meaning provided by reduction, though it rarely achieves the clarity it is 
often assumed to have. Constructive applications usually also entail in-
struction as a point of entry into the constructed world. 

More specifically, then, construction is a community process of build-
ing together the structures of shared meanings that allow us to cooperate 
in sheltering, clothing, and feeding ourselves. These structures, based as 
they are in the reductions of sufficient reason, are mathematical in the 
ancient Greek sense of being teachable and learnable. 

Far from conferring any kind of eternally self-evident status on the 
structures of reason, the fact that they are mathematical can do nothing to 
prevent the eventual Destruction (D in the figures) of reductions and the 
constructions built upon them. By the mere fact of their existence, con-
structions might alter their environments to the point of being unsustain-
able, entailing their self-destruction. Alternatively, critical thinkers might 
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be able to detect the anomalies and inconsistencies in a reduction that 
make its constructions dysfunctional and/or meaningless, hopefully point-
ing the way toward improvements. 

The deliberate cycling through the three phases of R, C, and D (as 
schematically drawn in Figure 1) in the life of knowledge and understand-
ing constitutes a version of the hermeneutic circle, a circle that cannot be 
reduced to a vicious circle or to a tautology. It ought to be our “first, last, 
and constant task” to follow this circle through, to “keep the scientific 
theme secure”, preventing our preconceptions and forestructures of knowl-
edge from being presented to us only by unexamined prejudices and popu-
lar imagining (Heidegger, 1962, p. 195). 

Thus the recent intense interest of academics in creative destruction 
need not be interpreted as a movement toward irrationality, as is some-
times the case (Gross and Levitt, 1994). It is, rather, but a moment in the 
broader evolution of our understanding of what knowledge is. Derrida 
(Caputo, 1997, pp. 49-70; Derrida, 1983), for instance, counters the criti-
cism that his work is radically destructive by pointing to the new institu-
tions he is involved in founding, institutions that necessarily require new 
reductions and constructions to structure them. He also stresses that the 

R1 C1

D1
R4

D2

R2

C2

D4

C3

C4

D3

R3

D1

R1 C1

Figure 1. The highest level spiral in the ontological method: Reduction (R), 
Construction (C), and Creative Destruction/Deconstruction (D) 
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liberties he takes with texts are explicitly considered in relation to a dis-
tance measured from the standards that he was trained in (Derrida, 2003, 
p. 62). His focus from the beginning of his career was to place himself at 
the point at which “the thing signified is no longer easily separable from 
the signifier” (Derrida in Wood and Bernasconi, 1988, pp. 88-9). 

One positive outcome of the recent wave of deconstructions could be 
a greater willingness among researchers to invest in the relatively intense 
foundational work required for deep quantitative understandings that re-
duce to valid models and metaphors. A second outcome of deconstruction 
could be a wider appreciation for the fact that all models and metaphors 
are abstractions that concrete data never match exactly. Any conceptual 
generalization necessarily entails error. When examined closely enough, 
any model fails, any reduction is strictly speaking reductionistic, because 
no data are perfectly sufficient or invariant. The point is to find out how 
much of a difference makes a difference. 

Logical positivism was largely silent about reduction understood as 
sufficiency and/or invariance. It focused instead on a different, empirical 
kind of reduction, one that sought to simplify emotions, behavior, and 
cognition to biochemistry and physics. This form of reductionism has vir-
tually disappeared from most areas of the psychosocial sciences, but has 
hardly even been challenged as a habit of mind in many areas of biology, 
chemistry, and physics. 

Although psychosocial scientists who value a linguistic or cultural 
paradigm may feel threatened by classic positivist reductionism’s hege-
monic goals, they ought to feel far more threatened by the unexamined 
reductionisms operating within their own paradigms. 

One of the major lessons that ought to be learned from deconstruction 
involves a deeper appreciation for the principle of sufficient reason 
(Heidegger, 1991), especially for tests that show these principles to be 
realized, as provisional and tentative as those realizations may be. 

Most current psychosocial measurement practice is reductionistic in 
the sense of assuming sufficient reduction to be achieved, even when the 
treatment of raw scores (counts of right answers or summed ratings) as 
sufficient statistics is not even acknowledged, much less justified via ar-
ticulation of a measurement model and tests of data, model fit. 

Although Rasch (Rasch, 1960; Andersen, 1977) began from Fisher’s 
(Fisher, 1922) notion of sufficiency in deriving his separability theorem, 
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there are many approaches to measurement theory that provide satisfac-
tory proofs of the theorem (Wright, 1997; Wright, 1999). What these ap-
proaches share is the focus on the raw score as all that is needed to 
reproduce the pattern of responses across items, for a person, and across 
persons, for an item. 

Inference is always and everywhere a matter of understanding inher-
ently unique events in terms that will be useful, meaningful, and reliable 
in managing the future. Even experiments in classical physics are not 
perfectly reproducible, meaning that concrete observations must be re-
duced to mathematically sufficient and invariant abstractions (laws or 
models) before they can be taken to predict future events. When observa-
tions are not mathematically evaluated for sufficiency and invariance, re-
duction and abstraction are not justified, and so are positivistically 
reductionist. 

Psychological measurement is commonly both positivist and reduc-
tionist, in the sense of making broad and unsubstantiated assumptions 
concerning the extent to which discrete historical observations provide 
legitimate information concerning the structure of future general phenom-
ena. Sufficiency and invariance are characteristic of scientific instruments, 
which historically are known for selectively filtering and shaping phe-
nomena into stable reproducible forms for experimental study. The philo-
sophical school of instrumental realists (Ackermann, 1985; Hacking, 1983; 
Heelan, 1983; Ihde, 1991; Bachelard, 1984) holds that scientific advances 
stem largely from the mathematical/dialectical interplay of instruments, 
data, and theory. 

Unfortunately, as recently shown by historians of science, the role of 
instruments and the technicians who create and maintain them has been 
much neglected both in studies of science and in psychosocial measure-
ment practice. This neglect, coupled with centuries, even millenia, of stern 
injunctions concerning the absolute necessity of mathematics to scien-
tific thinking, has led to serious deficiencies in the quality of measure-
ment in psychosocial studies. Psychological measurement practice could 
be less reductionist and positivist by placing greater value on explicit 
tests of sufficiency and invariance in the calibration of its instruments. 
Methods for conducting such tests date back to Thurstone’s work in the 
1920s, and have lately reached fairly widespread use in the application of 
Rasch’s probabilistic formulations of axiomatic conjoint measurement 
theory. 
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When data are fit to a mathematical model requiring scores to func-
tion as sufficient statistics, and failures of invariance are actively investi-
gated and rectified, reduction is justified. The test of model fit imply that 
the sought reduction¹ is provisionally put on hold, while all 3 phases of 
R²-C²-D² are cycled through at least once before moving on to construc-
tion¹ (see Figure 2). Construction¹ is then also temporarily put on hold 
while the instrument that has satisfactory calibrated in reduction¹ on pilot 
data is now checked for continued satisfactory performance in another 
checking through all three phases of R³-C³-D³. Given quality functioning 
at phase C¹, standards are set, measures are reported, and decisions are 
made. 

The paradigm—shifting consequences of a full D¹ analysis may oc-
cur less than once in a lifetime, century, or millenium,  as may be happen-
ing with the increasingly critical appraisals of psychosocial measurement 
practices. A full D¹ analysis entails a fundamental reconceptualization of 
what reduction and construction themselves are, with far-reaching meth-
odological consequences. Scientific revolutions, seen recently as involv-
ing new sociotechnical capacities to consistency reproduce standard 
phenomena (Latour, 1987, Fisher, 2000, 2004) probably always entail at 

R1 C1

D1
R4

D2

R2

C2

D4

C3

C4

D3

R3

D1

R1 C1

Figure 2. Lower level cycles across R, C, and D within each instantiation of R, C, 
and D. 



22 FISHER 
Ta

bl
e 1

 
Th

e L
ife

 C
yc

le
 o

f F
ac

ts
 

Ph
en

om
en

ol
og

y 
(m

et
ho

d 
of

 o
nt

ol
og

y)
 

(H
ei

de
gg

er
 

H
is

to
ry

 o
f 

Sc
ie

nt
ifi

c 
19

27
/1

98
2:

 2
1 

ff.
) 

Po
et

ry
 

m
at

he
m

at
ic

s 
M

us
ic 

m
et

ho
d 

Pr
ac

tic
e 

St
ag

e 

Bi
rth

 
R

ed
uc

tio
n:

 “l
ea

di
ng

 
Tr

op
es

: m
et

ap
ho

r, 
G

re
ek

 a
bs

tra
ct

io
n 

S
ca

le
/to

na
l o

rg
an

- 
Th

eo
ry

 d
ev

el
op

m
en

t; 
E

xp
er

im
en

ta
lly

 te
st

s 
P

re
-p

ar
ad

ig
m

at
ic

: 
ph

en
om

en
ol

og
ic

al
 

an
al

og
y,

 s
im

ile
, 

of
 n

um
be

r f
ro

m
 

iz
at

io
n;

 h
ar

m
on

ic
s;

 
in

st
ru

m
en

t c
al

ib
ra

tio
n 

ba
si

s 
fo

r l
at

er
 

no
 a

gr
ee

m
en

t o
n 

vi
si

on
 b

ac
k 

fro
m

 
sy

ne
do

ch
e,

 
th

in
gs

; i
.e

., 
2+

2=
4 

in
st

ru
m

en
t d

es
ig

n 
st

ud
ie

s 
of

 in
va

ria
nc

e,
 

co
ns

tru
ct

io
n 

an
d 

re
du

ct
iv

e 
va

lid
ity

 a
nd

 
th

e 
ap

pr
eh

en
si

on
 

m
et

on
ym

y,
 e

tc
. 

no
 m

at
te

r w
ha

t 
an

d 
co

ns
tru

ct
io

n 
su

ffi
ci

en
cy

, a
dd

iti
vi

ty
, 

ap
pl

ic
at

io
n 

by
 

no
 th

eo
ry

 o
f v

ar
ia

bl
es

, 
of

 a
 b

ei
ng

 ..
. t

o 
pa

irs
 o

f t
hi

ng
s 

co
nc

at
en

at
io

n,
 p

ar
a-

 
ite

ra
tin

g 
th

ro
ug

h 
so

 n
o 

re
fe

re
nc

e 
th

e 
un

de
rs

ta
nd

in
g 

ar
e 

ad
de

d 
m

et
er

 s
ep

ar
at

io
n,

 
co

ns
tru

ct
io

n 
an

d 
st

an
da

rd
s 

fo
r q

ua
nt

ity
 

of
 th

e 
be

in
g 

sa
m

pl
e-

fre
e 

an
d 

de
co

ns
tru

ct
io

n 
or

 q
ua

lit
y 

of
 th

is
 b

ei
ng

” (
p.

 2
1)

 
sc

al
e-

fre
e 

m
ea

su
re

s,
 

st
ag

es
 

et
c.

 
Li

fe
 

C
on

st
ru

ct
io

n:
 

C
on

ce
pt

s 
an

d 
Py

th
ag

or
ea

n 
C

om
po

si
tio

n 
an

d 
A

pp
lic

at
io

n 
of

 
E

xp
er

im
en

ta
l f

oc
us

 
P

ar
ad

ig
m

at
ic

: r
ef

er
en

ce
 

“p
ro

je
ct

in
g 

of
 th

e 
us

ag
e 

th
eo

re
m

: 
pe

rfo
rm

an
ce

 w
ith

in
 

m
ea

su
re

s 
in

 re
se

ar
ch

 
on

 e
va

lu
at

in
g 

ef
fe

ct
s 

st
an

da
rd

 q
ua

nt
iti

es
 a

nd
 

an
te

ce
de

nt
ly

 g
iv

en
 

ax
io

m
at

ic
 p

re
sc

rip
- 

ge
nr

e 
an

d 
pr

ac
tic

e 
of

 d
iff

er
en

t 
Q

A
 in

 c
om

m
on

 u
se

 
be

in
g 

up
on

 it
s 

be
in

g 
tio

n 
of

 e
xp

ec
te

d 
tre

at
m

en
ts

, a
im

in
g 

gu
id

in
g 

pr
ac

tic
e 

an
d 

an
d 

th
e 

st
ru

ct
ur

es
 

re
la

tio
ns

hi
ps

; 
at

 a
 n

ew
 le

ve
l o

f 
st

ru
ct

ur
in

g 
of

 it
s 

be
in

g”
 (p

. 2
2)

 
E

uc
lid

ea
n 

ge
om

et
ry

 
re

du
ct

io
n 

co
m

m
un

ic
at

io
n,

 
pr

ov
id

in
g 

co
he

re
nt

 
se

ns
e 

of
 c

om
m

un
ity

 
D

ea
th

, T
ra

ns
fo

rm
at

io
n,

 R
eb

irt
h 

D
es

tru
ct

io
n:

 “a
 c

rit
ic

al
 

C
rit

ic
al

 th
eo

ry
 

Ex
pl

oi
ta

tio
n 

of
 

C
rit

ic
al

 th
eo

ry
 

C
rit

ic
al

 e
va

lu
at

io
n 

of
 

R
ep

ea
te

d 
Po

st
-p

ar
ad

ig
m

at
ic

: 
pr

oc
es

s 
in

 w
hi

ch
 

an
om

al
ie

s 
le

ad
in

g 
m

ea
su

re
s,

 q
ua

lit
at

iv
e 

ap
pl

ic
at

io
n 

an
d 

an
om

al
ie

s 
pr

ov
ok

e 
th

e 
tra

di
tio

na
l c

on
ce

pt
s,

 
to

 n
ew

 re
du

ct
io

ns
 

in
ve

st
ig

at
io

n 
of

 
in

st
ru

m
en

t r
ef

in
e-

 
w

id
es

pr
ea

d 
w

hi
ch

 a
t f

irs
t m

us
t 

as
 N

on
-E

uc
lid

ea
n,

 
an

om
al

ie
s 

m
en

ts
 is

ol
at

e 
an

d 
di

sa
gr

ee
m

en
t o

n 
ne

ce
ss

ar
ily

 b
e 

H
ilb

er
t, 

et
c.

 
hi

gh
lig

ht
 a

no
m

al
ie

s,
 

le
gi

tim
ac

y 
of

 c
ur

re
nt

 
em

pl
oy

ed
, a

re
 d

ec
on

- 
ge

om
et

rie
s 

ex
ce

pt
io

ns
 th

at
 te

st
 

pr
ac

tic
e,

 p
ro

vo
ki

ng
 

st
ru

ct
ed

 d
ow

n 
to

 th
e 

th
e 

ru
le

; s
tru

gg
le

 to
 

se
ar

ch
 fo

r n
ew

 
so

ur
ce

s 
fro

m
 w

hi
ch

 
ex

pl
ai

n 
th

es
e 

m
ay

 
su

m
m

ar
iz

at
io

n 
cr

ite
ria

 
th

ey
 w

er
e 

dr
aw

n”
 (p

. 2
3)

. 
pr

ov
ok

e 
ne

w
 p

ar
a-

 
di

gm
 fo

r r
ed

uc
tio

n 



MATHEMATICAL REASONING AND THE ONTOLOGICAL METHOD 23 

least an implicit full deconstruction of a pre-existing paradigm’s R-C-D 
criteria for recognizing valid knowledge. Most research is conducted within 
an existing R-C-D paradigm, meaning that even truly innovative applica-
tions extending the paradigm into new fields attempt deconstruction only 
at the D² and D³ levels. For research to cycle through D¹ it must achieve a 
paradigm shift that rearticulates the criteria for valid R¹ and C¹. Pure re-
search remains within the R¹ (R²-C²-D²) phase, never reaching applica-
tion in the C¹ (R³-C³-D³) phase. Applied research requires that a prior R¹ 
cycle(s) be completed, though it may never be explicitly related to the 
prior R¹ work. 
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