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Abstract  Exact, reproducible and well maintained in-
ternational standards are needed not only in the natural 
sciences and engineering, but are of increasing concern 
today in education, health care, government, business intel-
ligence, and the economy at large. Metrological practice 
gives rise to complex adaptive systems in which meaningful 
relationships are socially conceived and brought to life. All 
scientific units should be established with equal rigor, and 
all measures should be based on consensus standard metrics 
valued for their accuracy, stability and availability. Fifty 
years of research and practice employing probabilistic mod-
els of psychosocial constructs document individual-level 
structural invariances capable of supporting metrological 
traceability. Complex adaptive systems of this kind offer 
new opportunities for extending the true union of mathemat-
ics and measurement into the psychosocial sciences. 
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1.  INTRODUCTION 
 
On page 145 of his book, The Mathematics of 

Measurement: A Critical History, John Roche [1] 
quotes Charles de La Condamine (1701-1774), who, 
in 1747, wrote: 

It is quite evident that the diversity of weights 
and measures of different countries, and fre-
quently in the same province, are a source of 
embarrassment in commerce, in the study of 
physics, in history, and even in politics itself; 
the unknown names of foreign measures, the 
laziness or difficulty in relating them to our 
own give rise to confusion in our ideas and 
leave us in ignorance of facts which could be 
useful to us. 

Roche then explains what de La Condamine is driving 
at, saying: 

For reasons of international communication 
and of civic justice, for reasons of stability over 
time and for accuracy and reliability, the crea-
tion of exact, reproducible and well maintained 
international standards, especially of length and 
mass, became an increasing concern of the 
natural philosophers of the seventeenth and 
eighteenth centuries. This movement, cooperat-
ing with a corresponding impulse in governing 
circles for the reform of weights and measures 
for the benefit of society and trade, culminated 

in late eighteenth century France in the metric 
system. It established not only an exact, ra-
tional and international system of measuring 
length, area, volume and mass, but introduced a 
similar standard for temperature within the sci-
entific community. It stimulated a wider con-
cern within science to establish all scientific 
units with equal rigour, basing them wherever 
possible on the newly established metric units 
(and on the older exact units of time and angu-
lar measurement), because of their accuracy, 
stability and international availability. This 
process gradually brought about a profound 
change in the notation and interpretation of the 
mathematical formalism of physics: it brought 
about, for the first time in the history of the 
mathematical sciences, a true union of mathe-
matics and measurement. 

As it was in the seventeenth and eighteenth centuries 
for physics, so it has also been in the twentieth and 
twenty-first centuries for the psychosocial sciences. 
The creation of exact, reproducible and well main-
tained international standards is a matter of increasing 
concern today for the roles they will play in education, 
health care, the work place, business intelligence, and 
the economy at large. 

The contemporary economic crises are exacerbated 
by unmet demand for common product definitions, 
outcome-based budgeting, and interpretable, meaning-
ful measures of impacts in education, health care, 
social services, environmental management, etc. We 
need an exact, rational and international system for 
measuring literacy, numeracy, health, motivations, 
quality of life, community cohesion, and environ-
mental quality. We need to reinvigorate concern 
across the sciences to establish all scientific units with 
equal rigor, and to have all measures based wherever 
possible on consensus standard metrics valued for 
their accuracy, stability and availability. We need to 
replicate in the psychosocial sciences the profound 
change in the notation and interpretation of the 
mathematical formalism of physics that occurred in 
the eighteenth and nineteenth centuries. We need to 
extend the true union of mathematics and measure-
ment from physics to the psychosocial sciences. The 
key issue, in short, is the poetic vitality with which 
things are brought into words in science. 
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2. A COMPLEX ADAPTIVE LOGIC OF LIVING 

MEANING 
 

In his history of science, Roche [1] refers to the 
systematic creation and implementation of universally 
uniform quantitative units, mathematical notation, and 
practical applications as “a true union of mathematics 
and measurement.” Mathematically rigorous and uni-
versally uniform measurement is valuable for the way 
it functions as a common currency or lingua franca. 
When meaning can be shared at a social level, behav-
iours and decisions are coordinated with no need for 
communicating or negotiating the details of each par-
ticular situation. A kind of choral effect is thereby 
achieved in the sense that harmonious social, political, 
and economic relationships are produced as many 
independent actors respond in unison to variations in 
phenomena, such as time, agricultural production, 
price fluctuations, or product quality.  

Thus it happens that the infrastructure provided by 
the common language facilitates the spontaneous self-
organization of networks of agents and actors capable 
of transparently coordinated thought and action [2-7]. 
These networks are increasingly recognized as being 
of central importance in the process by which phe-
nomena are made to seem naturally universal. Widely 
adopted and easily available technical standards are 
created and implemented within and by social net-
works that habituate themselves to the intuitive appli-
cation of common languages. The resources and effort 
put into creating the appearance of natural universality 
are then selectively ignored in accord with value sys-
tems and metaphysical assumptions that prioritize a 
kind of concrete operational conception of objectivity 
over a formal or abstract conception. 

A number of seemingly insurmountable difficulties 
are encountered when these problems are taken up in a 
purely philosophical examination. An alternative ap-
proach focuses on the material practices and commu-
nications of technicians and scientists as they con-
verse, write memos, give conference presentations, 
publish papers, secure funding, manage organizations, 
etc. in the course of making discoveries and bringing 
them to market in practical applications. Social studies 
of science in this tradition find science and theory so 
dependent on the technical means of routinely produc-
ing and reproducing phenomena that science is seen  
to be impossible without the technology and the social 
networks sustaining it.  

Hence, to remind ourselves of these dependencies, 
the terms technoscience and sociotechnical have come 
into use. The conception, gestation, birthing, and nur-
turing of complex adaptive systems constitute a repro-
ductive logic for sociocultural traditions’ capacity for 
collective cognition. Scientific and economic tradi-
tions, in particular, form mature self-identities via a 
mutually implied subject-object relation absorbed into 
the flow of a dialectical give and take. 

 

2.1. Complex adaptive functionality as a develop-
mental model 

By means of this dialectic, complex adaptive sys-
tems establish the reproductive viability of their off-
spring and the coherence of an ecological web of 
meaningful relationships. There are five moments in 
the formation and operation of complex adaptive sys-
tems, which must be able (1) to identify regularities 
and patterns in the flow of matter, energy, and infor-
mation (MEI) in the environment (social, economic, 
natural, etc.); (2) to produce condensed schematic 
representations of these regularities so they can be 
identified as the same if they are repeated; (3) to form 
reproductively interchangeable variants of these repre-
sentations; (4) to succeed reproductively by means of 
the accuracy and reliability of the representations’ 
predictions of regularities in the MEI data flow; and 
(5) adaptively modify and reorganize representations 
by means of informational feedback from the envi-
ronment [8]. All living systems, from bacteria and 
viruses to plants and animals to languages and econo-
mies, are complex adaptive systems characterized by 
these five features. 

In the history of science, technologically-
embodied measurement facilitates complex adaptive 
systems of various kinds. That history can be used as a 
basis for a meta-theoretical perspective on what meas-
urement must look like in the social and human sci-
ences. Each of the five moments in the formation and 
operation of complex adaptive systems describes a 
capacity of measurement systems, in that (1) data flow 
regularities are captured in initial, provisional instru-
ment calibrations; (2) condensed local schematic rep-
resentations are formed when an instrument’s calibra-
tions are anchored at repeatedly observed, invariant 
values; (3) interchangeable nonlocal versions of these 
invariances are created by means of instrument equat-
ing, item banking, metrological networks, and selec-
tive, tailored, adaptive instrument administration; (4) 
measures read off inaccurate and unreliable instru-
ments will not support successful reproduction of the 
data flow regularity, but accurate and reliable instru-
ments calibrated in a shared common unit provide a 
reference standard metric that enhances communica-
tion and reproduces the common voices and shared 
identities of communities of research and practice; and 
(5) consistently inconsistent anomalous observations 
provide feedback on new possibilities for as yet un-
recognized data flow regularities that might be cap-
tured in new constructs’ calibrations. 

Measurement in the social sciences is in the proc-
ess of extending this functionality into practical appli-
cations in business, education, health care, govern-
ment, and elsewhere. Over the course of the last 50 
years, measurement research and practice has already 
iterated many times through these five moments. In 
the coming years, a new critical mass will be reached 
in this process, systematically bringing about scale-of-
magnitude improvements in the efficiency of intangi-
ble assets markets. 
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How? What does a “data flow regularity” look 
like? How is it condensed into a a schematic and used 
to calibrate an instrument? How are local schematics 
combined together in a pattern used to recognize new 
instances of themselves? More specifically, how 
might enterprise resource planning (ERP) software 
(such as SAP, Oracle, or PeopleSoft) simultaneously 
provide both the structure needed to support meaning-
ful comparisons and the flexibility needed for good fit 
with the dynamic complexity of adaptive and genera-
tive self-organizing systems?  

Prior work in this area proposes a dual-core, 
loosely coupled organization using ERP software to 
build social and intellectual capital, instead of using it 
solely as an IT solution addressing organizational 
inefficiencies [9]. The adaptive and generative func-
tionality [10] provided by probabilistic measurement 
models [11-15] makes it possible to measure and 
manage intra- and inter-organizational interoperability 
[16] at the same time that social and intellectual capi-
tal resources are augmented. 

First, the data flow regularities identified and then 
captured in schematic representations are illustrated 
graphically. Probabilistic measurement models are 
usually presented mathematically in the form of equa-
tions and the statistics resulting from their application 
to data. An alternative form of mathematical presenta-
tion offers images of the patterns expected and diag-
nosed in the application of the model. After explicat-
ing this approach to understanding the modelled struc-
tural invariances, attention will turn to the means by 
which practical implementations of interchangeable 
nonlocal versions of these invariances may augment 
social and intellectual capital resources. 

 
2.2. Graphical schema 
Fig. 1 shows a data matrix of 24 columns by 40 

rows. The individual observations are responses in one 
of three categories to questions (the columns) on a 
survey given by participants in a research study (the 
rows). These data are a small subset extracted ran-
domly (without replacement) from a much larger data 
set involving hundreds of items and thousands of 
survey respondents. The larger data set was analyzed 
using Rasch measurement software [17-19] to cali-
brate an instrument measuring the efforts special edu-
cation personnel make to partner with the parents of 
the children with disabilities enrolled in their pro-
grams [20]. Overall model fit was satisfactory, with 
measurement reliabilities ranging from 0.95 to 0.97. 
The figure illustrates the regularity of the pattern in 
the data captured in the flow of providing special 
education services. Blank spaces indicate data missing 
due to the administration of separate forms and to 
skipped items.  

 
The individual responses shown in Fig. 1 are or-

dered according to the individual person-by-item re-
sponse probabilities determined from the larger com-
plete data set. The person with the highest measure 

and the highest probability of responding in the high-
est category (3) across all of the items is at the top. 
The person with the lowest measure and the lowest 
probability of responding in the highest category on 
any item is at the bottom. The survey item that is easi-
est to agree with and is most likely to provoke re-
sponses of 3 is in the far left column, and the one that 
is hardest to agree with is on the far right. 
To illustrate the consistency of the stochastic pattern 
in the data, responses of 3 are coloured red, responses 
of 2 are black, and responses of 1 are blue. This pat-
tern may not look like much to those unfamiliar with 
probabilistic measurement theory, its capacity to take 
missing data into account, and the role of error ranges 
and confidence intervals in interpreting measures. It 
may seem as though this pattern is an accident that 
occurred once, never to appear again. Less radic ally, 
there may be room for hypothesizing the existence of 
more than one construct in these data, though exten-
sive evaluations of the data so far tend to rule out that 
possibility. As Taylor warns, the system has to be able 
to avoid the errors of mistaking randomness for order, 
and vice versa. 

Reading down from the top of Fig. 1, 3s tend to 
drop to 2s, and 2s to 1s, from the right, with the 2s and 
1s progressing further and further to the left from the 
right the further down the page the cases are. Being 
drawn from a much larger data set (with dozens more 
columns and thousands more rows), this subsample is 
only roughly representative of the general pattern, as 

 

 
 

Fig. 1.  First example of an ordered matrix of three-category 
data  
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Fig. 2.  Second example of an ordered matrix of three-
category data 

 
will be shown in greater detail. For the moment, it 
suffices to note that most cases have response patterns 
that accord with the overall pattern, and so do not 
exhibit left-to-right or top-to-bottom progressions 
from 1s to 3s. 

And so the question arises: to what extent is this 
pattern repeated across other samples from the larger 
data set? Figs. 2 and 3 show the same items in the 
same order, but with entirely different random sam-
ples of respondents, as can be seen from the different 
entry order sequence numbers at the far left in each 
figure. 

The repetition of the same pattern across three dif-
ferent samples of survey respondents is evidence sup-
porting the inference that the regularity identified in 
the first data set has been reproduced twice more. Any 
single person's responses might seem completely 
random, but repeated posing of the questions to even a 
small sample of 40 gave rise to the consistent pattern 
found in Figs. 1, 2 and 3. These redundancies in the 
flow of experience in this domain are then seen to 
condense into a general schematic with their repetition 
in two more samples of respondents. Plainly, the order 
is not random, and the randomness within the order is 
evaluated in terms of reliability and model fit in rou-
tine analyses implementing Rasch models. 

The same thing happens when the rows are held 
constant, and the columns are varied. In other words, 
the constancy of the pattern observed when different 
people answer the same questions is also found when 
the same people answer different questions designed 
to measure the same construct. And so, it also happens 
that the same patterns are also reproduced across dif- 

 
 

Fig. 3.  Third example of an ordered matrix of three-
category data 

 
ferent samples of survey respondents answering en-
tirely different sets of questions (all of which are care-
fully composed, piloted, and calibrated into a bank of 
items repeatedly demonstrated as measuring the same 
thing). 

These images convey an admittedly impression-
istic image of the point that there is a real construct 
represented by these data, one that asserts itself as an 
independent entity separate from the local contingen-
cies of its origin. Now the question is, to what extent 
do these rough schematic patterns support the infer-
ence that different sets of items can measure the same 
thing across different samples of people in the same 
unit? 

 
2.3 From condensed local schema to interchange-

able nonlocal ones 
 
Taking up Taylor's [8] language again, the regular-

ity in the flux of data identified in Figs. 1-3 suggests 
the form of a schema that will enable the system to 
recognize the pattern if it is encountered again. The 
second moment in complex adaptive functionality is 
obtained when the data are compressed via an algo-
rithm that enables the system to recognize the pattern 
again, and unfold its details efficiently. The more 
reducible the data are, the greater the efficiency ob-
tained in the system's functioning. Compression is 
arguably most efficient when its data reduction algo-
rithm is able to make use of sufficient statistics. Rasch 
models, for which raw scores are minimally sufficient 
statistics (both necessary and sufficient), enable in-
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formation processing that filters noise, and creates 
order from chaos.  

At this point in his description of the five features 
of complex adaptive systems, Taylor [8] notes that 
“the schemata or algorithms in complex adaptive 
systems are emergent and can change,“ and so, he 
suggests, they cannot be preprogrammed or fixed. But 
adaptive, emergent, and changeable algorithms can, 
and routinely are, preprogrammed and fixed in com-
puterized adaptive testing and in applications of pre-
dictive construct theories, as is suggested by the na-
ture of the patterns shown in Figs. 1-3.  

There are two ways of accomplishing this prepro-
gramming [10], with one less efficient than the other. 
In the less efficient option, the one most often used in 
computerized adaptive testing, the preprogramming 
takes the form of experimentally-determined item 
calibrations. In this context, all items must be cali-
brated on actual data before they can be used, but once 
calibrated, comparability no longer requires that the 
same specific items be employed in measuring any 
one person. 

The second, more efficient option focuses on un-
derstanding the construct measured well enough to 
specify the item component traits that make items easy 
or difficult, agreeable or disagreeable. With this in-
formation in hand, items can be written and adminis-
tered from theory, with quality checks determined by 
whether the intended response probabilities are consis-
tently obtained or not. 

Furthermore, unidimensional schema will them-
selves form consistent and repeating patterns relative 
to each other, giving rise to multidimensional models 
and associated schema at higher levels of complexity 
[21].  

Whether in the item banking or the item specifica-
tion contexts, or relative to unidimensional or multi-
dimensional models, as Taylor [8] recognizes, “For a 
schema to be functional, relevant data have to be 
compressed as much as possible.” In this compression, 
Taylor points out, the schema must process informa-
tion in a way that creates order from noise, that is 
adaptive in the sense of allowing for change, and that 
is efficient enough to maximize the available storage 
space and so extend memory. The phenomena repre-
sented by structurally invariant data fitting probabilis-
tic measurement models are forms of stochastic reso-
nance creating order from noise [22, 23], adaptable to 
changing circumstances, and, via the principle of 
statistical sufficiency, reducing data volume dramati-
cally with no loss of information [24-28]. 

 
3. MODELING THE SCHEMA 

 
A kind of wilful ignorance or pathological state of 

denial seems to prevent many in research and business 
intelligence from perceiving and acting on invariant 
patterns like those in Figs. 1-3. At the very least, if 
more researchers were aware that test, survey, and 
assessment data can organize themselves like this, 

more organizations would be deliberately constructing 
and capitalizing on these patterns in the name of qual-
ity improvements and research advances in communi-
cations, education, health care reform, and business 
intelligence. But few are looking for these patterns, 
and those who are looking for them do not seem to 
realize their importance, or do not know how to tell 
their story. Finding ways to tell the story is a major 
challenge of our time. 

The coherence with which things speak to us 
across data sets does not, of course, happen by itself. 
Questions can be framed to support, to be indifferent 
to, or to defeat, the purpose of measurement. To 
measure efficiently, precisely, and with the advantages 
attending predictive control of the construct, the com-
position and phrasing of questions has to be informed 
by a theory of what counts as less and more of the 
thing to be measured.  

The preparation of a medium in which a self-
organizing conceptual entity like a measured construct 
can manifest itself is akin to laboratory work in which 
a micro-environment for a form of life is created. 
What we do, in effect, is pose questions to people 
likely to be caught up in the play of the intended con-
struct's language game. In the back and forth of the 
question and answer process, everyone gets caught up 
in the construct's self-representative activity. The 
thing itself then is able to write its story on the ab-
stract conceptual medium provided to it, acting 
through the participants in the dialogue. 

The point of calibrating instruments using Rasch 
models is to test the hypothesis that this kind of regu-
larity exists and will repeat itself in patterns of data 
across samples of persons and items. These invari-
ances of the persons over the items and the items over 
the persons are what Rasch [11, 29] was referring to 
when, referring to a model for measuring reading 
ability, he wrote 

 
On the basis of [one of the equations in the 
model] we may estimate the item parameters 
independently of the personal parameters, the 
latter having been replaced by something ob-
servable, namely, by the individual total num-
ber of correct answers. Furthermore, on the ba-
sis of [the next equation] we may estimate the 
personal parameters without knowing the item 
parameters which have been replaced by the to-
tal number of correct answers per item. Finally, 
[the third equation] allows for checks on the 
model [another equation] which are independ-
ent of all the parameters, relying only on the 
observations. 

 
Figs. 1-3 illustrate Rasch's first sentence here, in that 
they show that the same data pattern forming across 
samples for a group of items. Because the pattern 
stays the same across the observed responses, we can 
estimate the calibration parameters with no concern 
for the particular persons measured. Then, copying the 
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entire data file of 2,500 survey respondents and 78 
items three times, and then removing different rows 
and columns from each of them produces three com-
pletely different subsamples of cases and items, as 
shown in Fig. 4.  

This figure conveys Rasch’s point that a real con-
struct asserts itself as an independent entity that sepa-
rates from the local contingencies of its origin. Differ-
ent sets of items can measure the same thing across 
different samples of people in the same unit, just as 
different samples of people can calibrate different sets 
of items to measure in the same unit. The pattern in 
the data stays the same across groups of items for a 
given sample of people, and vice versa. Accordingly, 
we can estimate measures without knowing which 
items are involved, and items can be calibrated inde-
pendent of the particular persons sampled. Finally, as 
is illustrated in Fig. 5, we can evaluate the clarity of 
our thinking, and the model, by examining the observ- 
 

 
 
Fig. 4. Three ordered matrices: Different persons, 

different items, same construct 
 
ations alone, apart from any concern with the particu-
lars of who answered the questions or which questions 
were asked. 

Fig. 5 illustrates the overall general pattern. Hold-
ing the items and/or the calibrations in the columns 
constant, as measures on the vertical axis go up, more 
and more of the rows become red. Holding the persons 
and/or the measures in the rows constant, more and 
more of the columns are blue as calibrations on the 
horizontal axis move further to the right and become 
more difficult. 

 
Fig. 5. The general pattern, annotated and scaled 

Furthermore, the calibrations do not simply stay in 
the same order across samples, they retain the same 
unit size; i.e., they are invariantly positioned relative 
to one another, within the range of error, and are not 
just invariantly ordered. Fig. 6 shows the scatter plot 
of the Sample 1 calibrations vs the Bank Calibration 
Anchors. The confidence intervals are fairly wide, as 
is expected given the error and reliabilities obtained 
with Sample 1's per-item sample sizes of about 40. In 
accord with reliability theory, the confidence intervals 
become progressively narrower as sample size and 
reliability increase [30]. 

The two items falling outside the confidence inter-
vals had only 3-12 responses in all three samples, 
where all but one of the other 22 items had at least 30 
in all three samples. Despite having only about 40 
cases per item, on average, these 22 of the 24 item 
calibrations correlate 0.81 to 0.90 with each other  
 

TABLE I.  Correlations of Fig. 1-3 independent sample 
calibrations 

 Subsample 2 Subsample 3 Total 
Sample 

Subsample 1 .817 .902 .875 
Subsample 2  .812 .908 
Subsample 3   .895 

 

 
 

Fig. 6. Scatter plot of the .88 correlation 
 

across samples; they correlate 0.88 to 0.91 with the 
established bank anchors for these items (see Table I). 
When disattenuated for error [31-33], all of these 
correlations are 1.00. 

Figs. 4-6 illustrate the fourth and fifth moments in 
the formation and operation of complex adaptive sys-
tems. The constancy of the ideal abstract pattern 
across samples of people and items provides the reli-
ability evidence and a basis for predictive construct 
theory needed to support the calibration of a reference 
standard metric representing a stable and regular flow 
of information. The system is not dependent on items 
of a particular content, and so it can adapt to chang-
ingg circumstances as those measured grow and de-
velop. Fifth, sensitivity to anomalous inconsistencies, 
such as the outlier points in Fig. 6, set the stage for 
reconsiderations of the data pattern supporting infer-
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ences relative to the given construct, opening the door 
to critical re-evaluations of both individual-level and 
group-level interpretations of the measured amounts. 

 
4.  CONCLUSION 

 
The invariances of item calibrations across sam-

ples, and of measures across item samples, and of both 
item and person estimates across samples of judges 
rating performances, have supported the emergence of 
a testing industry that capitalizes on the repeatable 
confirmation of predictable data patterns. Study of 
these kinds of patterns leads to opportunities for  

 
• Mass customization 

◦ Items individually tailored to respon-
dents’ needs 

◦ All measures expressed in single com-
mon metric 

• Data quality assessment 
◦ Internal consistency evaluation 
◦ Goes beyond checking codes 

• Data volume reduction 
◦ One measure per person, unit, division, 

or facility 
◦ Instead of multiple numbers for each, 

per item 
• Meaningful measures 

◦ A substantial thing measured that adds 
up the way the numbers do 

◦ Not numbers that vary in meaning rela-
tive to irrelevant factors 

• Fairer measures 
◦ Data from judges rating performances 

can be evaluated for internal consistency 
and leniency/severity estimated 

◦ Individual measures can be adjusted 
across raters, creating level playing field 

 
But beyond these practical applications, what is it 

that makes question and answer interactions of this 
kind exhibit this kind of invariance? The reproducibil-
ity of this kind of pattern across samples of people and 
items belonging to the same populations demands an 
explanation. Is there any identifiable common thread 
that unfolds in a predictable way as the item calibra-
tions increase?  

Items giving expression to measured constructs do 
not take random orders that nonetheless stay constant 
across samples. What sense would there be in a con-
sistency of the examinee or respondent order across 
samples of items that was just a function of abilities, 
behaviours, or attitudes that remain at a constant level 
no matter what questions are asked? Most usually, 
some items and people can be seen to possess more 
and less of some one thing to which all of them are 
interrelated. The question to ask is then, what is there 
about the questions associated with these patterns that 
allows them to function as media for the repeatedly 

iterable self-representative, self-organizing, adaptive 
play of measured constructs? 

Sociohistorical descriptions of successful metro-
logical programs need to be translated into a practical 
program for psychosocial metrology. In his study of 
the emergence of electrical metrology in the late 19th 
century, Schaffer [4] remarks that  

 
The physical values which the laboratory 
fixes are sustained by the social values which 
the laboratory inculcates. Metrology has not 
often been granted much historical signifi-
cance. But in milieux such as those of Victo-
rian Britain the propagation of standards and 
values was the means through which physi-
cists reckoned they could link their work with 
technical and economic projects elsewhere in 
their society. Instrumental ensembles let 
these workers embody the values which mat-
tered to their culture in their laboratory rou-
tines. Intellectualist condescension distracts 
our attention from these everyday practices, 
from their technical staff, and from the work 
which makes results count outside laboratory 
walls. 

 
Metrology is being granted significantly more histori-
cal significance in the context of the social studies of 
science that it had received previously. Shapin [5], for 
instance, documents the way that the technical means 
by which laboratory phenomena are produced have 
often been literally cut out of the picture. Recognition 
of the vital role played by metrology is a significant 
development with major implications for the emer-
gence of improved measurement in education, health 
care, psychology, and the social sciences. 

Though few are yet aware of the converging 
trends, repeated application of Rasch models to data 
from different test, survey, and assessment instru-
ments measuring the same things in the same popula-
tions must inevitably lead to increased recognition of 
the potential for and value of uniform metric standards 
[34-37]. When this happens, previous historical proc-
esses will be brought to bear in the human, social, and 
environmental sciences. For instance, writing in 1881 
on the converging results in electrical measurement, 
and echoing de la Condamine’s more broadly framed 
remarks from the previous century, Everett [38] ob-
served that  

 
the existence of quantitative correlations 
between the various forms of energy, im-
poses upon men of science the duty of 
bringing all kinds of physical quantity to 
one common scale of comparison.  

 
Quantitative correlations between the various forms of 
reading ability and text difficulty have already im-
posed on some a sense of a duty and an opportunity 
for bringing all kinds of language comprehension 
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quantity to a single common scale of comparison [39]. 
Similarly, quantitative correlations between various 
approaches to human development and maturation 
have led to similar instrument equatings [40, 41].  

And just as was the case in Victorian Britain, the 
propagation of standards and values is a means by 
which researchers in the human and social sciences 
will be able to link their work with technical and eco-
nomic projects elsewhere in society. The numeric 
values assigned to quantitative amounts in systemati-
cally developed and maintained units of measurement 
are not devoid of aesthetic, moral, economic, and 
political implications, however much we typically 
assume that they are. Ongoing studies in the co-
production of order across domains, and especially in 
the economic implications of metrology [42-49], must 
inevitably reveal the ways in which values of many 
kinds are embodied in the results of laboratory rou-
tines exported into the world.  

Marked differences in the quality of values will be 
found in contrasts of results expressed in purely local 
and ordinal terms with those expressed in general and 
interval metrics. In the former cases, the Socratic 
midwife must declare a stillbirth. The failure to define 
a unit that transcends the local particulars of who, 
what, and when means that the results, however valu-
able they might be, will not be able to move into the 
world as readily interpretable, meaningful significa-
tions taking on a life of their own. In the latter cases, 
those in which results are expressed in a unit of meas-
urement that remains constant across instruments and 
samples (within a range of uncertainty), meaning will 
be found well-formed, with everything it needs to 
sustain itself outside of the laboratory in which it 
originated. Technology road maps have proven their 
value as guides for coordinating expectations and 
aligning resources across firms in a number of indus-
tries [49]; the trajectory defined by measurement as a 
complex adaptive system opens the door to other simi-
lar kinds of road maps for education, health care, 
government, etc.  

This kind of a metasystem for complex adaptive 
functionality in research is implied in what Roche 
calls a “true union of mathematics and measurement” 
[1]. Complex adaptive systems are effectively consti-
tuted of such a union. Probabilistic conjoint models 
for fundamental measurement are poised to extend this 
functionality into the human, social, and environ-
mental sciences. A renewal of the true union of 
mathematics and measurement, of quality and quan-
tity, and of the Socratic midwife and the Socratic 
gadfly, may yet lead to a new cultural, scientific, and 
economic renaissance. 
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