Changing the definition of the kilogram —

insights for psychiatric disease classification

Abstract

Attempts to improve fundamental definitions or classifications are not unique for psychiatry.
In a 'hard science' such as metrology - the discipline of measurements in the natural sciences -
a major definitional change has been proposed. In 2019, the kilogram will be redefined in
terms of a constant of nature instead of a cylinder of platinum-iridium. In this paper, we aim
to better understand the reasons and procedures for changing definitions by studying the
redefinition of the kilogram.

In short, the case of the kilogram shows that 1) sometimes the rationale for
redefinition might be clear but the scientific discoveries are not available, and a vast research
effort is needed to make progress, 2) progress can be made even in absence of gold standards
by reference to the definitions’ epistemic aims, and 3) definitions are unlikely to be final as
future discoveries might lead to new definitions. These results support the current approach
of ongoing, piecemeal revision of psychiatric disease classifications, and stress the

importance of robust scientific evidence before changing definitions.
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1. Introduction

In psychiatry, many scientists desire to move from a classification system based on
symptoms towards a system based on biological causes (Cuthbert & Insel, 2013; Kupfer,
First, & Regier, 2002; Kupfer, Regier, & Kuhl, 2008). The idea is that psychiatric diseases
should be redefined such that each disease would be associated with specific biological
causes. This desire is intelligible because causal disease models often facilitate understanding
and identification of new ways to intervene in disease processes (Broadbent, 2009; Carter,
2003; Kupfer et al., 2002). In its attempt to move from syndromal to specific etiological
definitions, psychiatry follows the trend of general medicine (Carter, 2003).

Current psychiatric disease definitions, however, are based largely on symptoms,
signs, duration, and associated disability. Very few specific causes have been identified to
date. The lack of specific biological causes has led to criticisms of the Diagnostic and
Statistical Manual of Mental Disorders (DSM) (Cuthbert & Insel, 2013; Kendell &
Jablensky, 2003; Kotov et al., 2017). Given the suspected etiological heterogeneity of current
psychiatric disorders, some authors even suggest that psychiatric disorders cannot be defined
in terms of symptoms and, at the same time, coincide with biological causes (Kapur, Phillips,
& Insel, 2012). In this case, the DSM could hamper or even preclude the discovery of
biomedical causes (Cuthbert & Insel, 2013; Kapur et al., 2012; Tabb, 2015). The criticisms
have led to new classification initiatives like staging and profiling (McGorry, 2007) and
dimensional alternatives based on statistically correlated symptom patterns (Kotov et al.,
2017).

Dissatisfaction with fundamental definitions is not unique to psychiatry: in other
sciences these are also subject to criticism and change. Radical changes are currently

underway for definitions in metrology, the discipline concerned with measurement in the



natural sciences. Metrology deals with definitions that are essential to many scientific
disciplines and to our daily life, such as the second, meter and kilogram. For over a century,
scientists have recognized the importance of using constants of nature to define these units
(Quinn, 2012). Nevertheless, many units have long been defined in terms of material and
changeable “artifacts”, and some still are. For instance, the kilogram has been defined as a
cylinder of platinum-iridium since 1889 (Mills, Mohr, Quinn, Taylor, & Williams, 2005;
Quinn, 2012). In 2019, however, the definition of the kilogram will be altered fundamentally
(Cho, 2018). The plan is to redefine it in terms of natural constants (International Committee
for Weights and Measures, 2016).

The aim of this paper is to shed light on redefining disorders in psychiatry by studying
the redefinition of units in metrology, with an emphasis on the redefinition of the kilogram.
What are the reasons for metrologists to change the definition of the kilogram, and what are
their procedures? To answer these questions, we will present the history of the kilogram,
draw parallels between redefinition attempts in metrology and psychiatry, and finish with a

discussion including some important differences between these disciplines.

2. The changing kilogram: from material artifact to constant of nature

The need for an international definition of a kilogram

Until the 19th century, different mass standards were used all over the world. The need for an
international standard became clear around 1850: “At the great exhibition of 1851 in London,
a multitude of goods, machines and devices were exhibited from all over the world.
Depending on their country of origin, specifications were given in imperial, metric or other

units, and this was very clear for everyone to see” (Quinn 2012, p.6). Increased international



trade, manufacturing, and land measurement required definitions of mass, length, and time,
that were constant and stable across the world. “Regardless of the field, if we wish to
communicate with our colleagues to compare quantitative results on how things behave in
real life, the transmission of information on such important data as how big, how much, how
heavy, how fast... must be through a common language for measurement. Such a common
language requires agreement on reference standards” (Quinn 2012, p.4-5). In other words, a
kilogram in Mexico must have the same mass as a kilogram in Australia.

This need motivated the creation of an international committee to prepare for the
general adoption of the metric system within all participating countries (Quinn, 2012). In
1869, Napoleon I11 signed the document to install the Metre Commission. In 1875, this led to
the establishment of an international scientific laboratory, the International Bureau of
Weights and Measures (Bureau International des Poids et Mesures, or BIPM) in Sevres near
Paris. The BIPM’s task was and still is to secure the international reference standards for
mass, length, electricity, photometry, and later also ionizing radiation, time, and chemistry

(Bureau International des Poids et Mesures, 2018; Quinn, 2012).

The preference for a definition in terms of a ‘constant of nature’

From very early on, even before the introduction of the first international definitions of the
kilogram, it was understood that definitions of units preferably should be based on physical
constants. “If ... we wish to obtain standards of length, time, mass which shall be absolutely
permanent, we must seek them not in the dimensions, or the motion, or the mass of our planet
[because these are not necessarily permanent], but in the wavelength, the period of vibration,
and the absolute mass of these imperishable and perfectly similar molecules” (Maxwell 1870,
in Quinn 2012, p.xxvii). The reason for this is worldwide stability and availability (Milton,

Williams, & Bennett, 2007; Quinn, 2012). However, since its inception, the kilogram has



always been defined by a material artifact — a cylinder of 90% platinum and 10% iridium

alloy, 39 mm high, 39 mm in diameter — and not in terms of a natural constant (Quinn, 2012).

The first kilogram: a material artifact

When the need for an international definition of the kilogram arose, there was no known
constant of nature that could be used to define the unit of mass. Therefore metrologists
agreed that the kilogram should be constructed out of material as dense as possible, hard,
elastic, and malleable, to insure its stability. This led to the choice to use platinum-iridium
alloy to construct a new International Prototype of the kilogram and numerous national
copies (Quinn, 2012). Since 1889, this platinum-iridium cylinder plus more than 80 copies,
made from a single casting in London, have served to define the kilogram world-wide.

However, comparisons between the International Prototype of the kilogram and its copies
showed that something undesirable was going on: the ensemble of official copies and well-

maintained national prototypes were drifting in mass. Over the years, working standards
started to differ from the international prototype by, on average, 35 micrograms (Stock,
Barat, Davis, Picard, & Milton, 2015) (Figure 1). Apparently, even carefully kept platinum-
iridium cylinders can, over time, shed or gain atoms (Cho, 2017). This instability in mass

could lead to serious problems in international science, trade, and industry.

< Figure 1 >

The anticipated change of the kilogram
A key advance in science, which opened the way to redefinition of the kilogram into a
physical constant, was the discovery of the quantum Hall effect (Quinn, 2012). In particular,

Klaus von Kilitzing observed that the electrical resistance of material displaying the Hall-



effect is very exactly quantized, and expressible entirely as a function of the Planck constant,
a fundamental constant of quantum mechanics that relates the energy of a photon to its
frequency and the charge of a single electron (Klitzing, Dorda, & Pepper, 1980). This
quantum Hall effect could be used in the construction of an equal arm balance to compare
electrical and mechanical forces. This so-called Kibble Balance, or watt balance, made it
possible to weigh the kilogram in terms of the Planck constant, and thus to redefine the
kilogram in terms of the Planck constant using a well-described experimental setup
(Robinson and Schlamminger, 2016)." Since then, research groups have been determining an
accurate value of the Planck constant, and the expectation is that a new definition can be
realized and disseminated with a standard uncertainty of less than 20 microgram by autumn
2018, so that it will be effective in 2019 (Cho, 2018; International Committee for Weights

and Measures, 2016; Milton, Davis, & Fletcher, 2014).

3. Insights from redefining concepts in metrology for psychiatry

3.1 Requisite discoveries

The story of the kilogram shows that sometimes the rationale for new definitions might be
evident but scientific discoveries are needed to make progress. The goal for metrology had
been clear for about 150 years — define units in constants of nature — but the way forward
was not apparent. The crucial scientific discovery of the quantum Hall effect was made only
in 1980. Then, it took scientists almost 40 years to measure the Planck constant with
sufficient accuracy (International Committee for Weights and Measures, 2016; Milton et al.,
2014). Similarly, since the rise of the etiological research program in medicine in the 19th

century, successes of monocausal disease models such as tuberculosis, HIV/AIDS, and
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Down’s syndrome have been clear. Disorders defined in specific causes generally improve
our understanding of disease mechanisms, and identify new ways to intervene in disease
processes (Broadbent, 2009; Carter, 2003; Kupfer et al., 2002).

This success explains the often expressed corresponding goal for classifications in
psychiatry — namely to define diseases in terms of specific causes (Kapur et al., 2012;
Kendell & Jablensky, 2003; Kupfer et al., 2002, 2008). Note that a psychiatric nosology
based on specific biological causes is probably an unrealistic goal for psychiatric disorders.
At present, scientific evidence points into the direction that a complex developmental mix of
biological, psychological and social-cultural risk factors are involved in causal pathways to
psychiatric disorders as defined in the DSM, as opposed to single and/or specific biological
causes (Borsboom, Cramer, & Kalis, 2018; Kendler, 2014). The same is true for many other
disorders, such as stroke, diabetes mellitus (type I1) or heart failure (American Diabetes
Association, 2012; Feigin et al., 2016; Hunt et al., 2009; van Loo, Romeijn, de Jonge, &
Schoevers, 2013). Note furthermore that the debate on what constitutes a good psychiatric
disease classification is not settled (Tabb, 2015). Disease definitions in terms of specific
causes are not the only potentially useful classifications for psychiatry, but also definitions
that describe patients with homogeneous course of illness patterns or treatment response
could benefit mental health care (Kessler, Van Loo, et al., 2017; Maj, 2018; Hanna M. van

Loo & Romeijn, 2015).

However, even if we take the search for psychiatric disease definitions based on
causes as an example, and thus would strive for definitions of psychiatric disorders with a
more homogeneous etiology, defining disorders in a multifactorial or contrastive way
(Broadbent, 2009), we currently lack the requisite scientific discoveries. In preparation for
the DSM-5, the American Psychiatric Association (APA) intended to change psychiatric

classifications from symptom-based to etiology-based (Kupfer et al., 2002, 2008), but early



expert reviews of the literature were not optimistic that the scientific progress had been
sufficient to support such a move (e.g., Charney et al. 2002). When the DSM-5 work-groups
began to examine this issue, with the exception of those working on Sleep-Wake disorders,
they concluded that the needed data were not yet available (Zachar, Regier, & Kendler, n.d.).
Thus, although the rationale for new definitions might have been clear in both disciplines for
a long time, the actual realization of redefining these concepts depends on (fundamental)

scientific discoveries, and might even take centuries.

3.2 Progress in absence of gold standards

No gold standards but conventions

For some medical conditions, there are ‘gold standards’ which can be used to test the
performance of new definitions or measurement procedures. For instance, the gold standard
test for encephalitis (inflammation of the brain parenchyma) is brain biopsy followed by
pathological examination of the brain tissue (Venkatesan et al., 2013). This gold standard can
be used to test the accuracy of other less invasive ways to assess encephalitis, such as
investigation of the cerebrospinal fluid or neuroimaging. However, this is not the case for
basic definitions such as the kilogram and major depression. There are no ‘gold standards’ in
metrology or psychiatry: there is not one pre-approved criterion to judge which definition
facilitates the aims of the science in question best (Chang, 2004). In metrology, the definition
of the kilogram was originally based on the mass of one cubic decimeter of pure water. There
was no pre-approved definition of the kilogram to assess whether this was the optimal choice,
except for the general idea of picking something that stably occurs in nature. Similarly, in

psychiatry, there is no gold standard for major depression.



Instead, the choices to define a kilogram in terms of one liter of water, and major
depression in terms of five out of nine depressive symptoms are best understood as
‘conventions’. Conventions are well-known from the philosophy of space and time (Poincare,
1980; Reichenbach, 1958). A convention is a definition that precedes empirical
measurements in a certain domain. Prior to investigating the mass of the earth, you need a
definition of the unit of mass, like the kilogram. Prior to determining the properties of
physical space, you need the definition of a straight line. Similarly, prior to investigating the
course of major depression, you need a definition of major depression (Hanna M. van Loo &
Romeijn, 2015). These conventions or definitions are not given beforehand, but once they are
laid down, one can start measuring the mass of the earth, the space around heavenly bodies,
or the duration of episodes of depression. For a more detailed explanation of conventionalism
in psychiatry, we refer to van Loo and Romeijn (2015).

Thus, conventions are necessary conditions to organize empirical facts and serve as
bases for measurement and empirical knowledge about psychiatric disorders. They are crucial
for science: by associating concepts that belong to a theoretical representation with empirical
reality, we make empirical reality and theoretical representations relevant for each other
(Poincare, 1980; Reichenbach, 1958; van Loo & Romeijn, 2018; van Loo & Romeijn, 2015).
Because conventions are not facts, they are not true or false. Rather, they serve as bridge
principles that coordinate concepts (e.g., the kilogram, or depression) and empirical reality
(namely an object of platinum-iridium with a certain mass, or members of the population
with a certain symptom profile). However, there is undeniably a choice element to
conventions, and in the absence of gold standards it is hard to judge whether conventions are
chosen optimally.

Thus, in metrology and psychiatry there are no gold standards, and no independent

measurement tools available to test the accuracy of definitions. However, despite the absence



of gold standards and threats of definitional circularity, classifications can be improved. This
IS based on indirect measures, viz. successes in capturing stable empirical regularities in

terms of the conventions chosen.

Choices for definitions based on epistemic aims
Certain choices of conventions are preferable over others, in that they offer a better handle on
the practices that are carried out on the basis of these conventions (van Loo & Romeijn 2015,
Reichenbach 1958). For example, in metrology more or less simultaneously two independent
discoveries were made that allowed redefinition of the kilogram using different constants of
nature: the mass of silicon atoms or the Planck constant (Quinn, 2012). These discoveries
evoked a debate: which constant of nature should we use to redefine the kilogram? The
answer was based on the epistemic aims of the definitions — in teaching, trade, science, or
elsewhere. Initially, metrologists preferred the mass of silicon atoms for a redefinition of the
kilogram, because this seemed intuitive and easy to teach.

However, it appeared that there were good reasons to use the Planck constant instead.
First, by fixing the Planck constant and the elementary charge for the ampere, the two
quantum effects would become exact, which would benefit electrical metrology. Second, the
use of the Planck constant also leads to the possibility of measuring mass in terms of the
frequency and speed of light, through the equations E = mc? (Energy = mass - speed of light
squared) and E = hf (Energy = Planck constant - frequency of photon). For these reasons, the
Planck constant was chosen to redefine the kilogram (Quinn, 2012).

Also in psychiatry, a variety of research methods exists that might help in discovering
more homogeneous patient classes in psychiatry as compared to the current DSM-5
definitions, such as unsupervised statistical learning methods (Kotov et al., 2017), supervised

statistical learning methods (van Loo et al. 2014; Wardenaar et al. 2014; Kessler et al. 2016),
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and staging and profiling (McGorry, 2007), which might all underpin proposals for
alternative psychiatric disease definitions. However, some definitions will benefit research
and interventions more than others, and thus offer a better grip on psychiatric practice. For
instance, definitions that are highly specific with respect to course of illness, familial
aggregation, or molecular genetic differences are probably more successful in improving
mental health care than definitions that not associated with these validators (Kendler, 2013)."
We can test how well a convention meshes with genetic data, specific neurobiological

abnormalities, or course patterns.i" There are, in short, “soft ways” to help us redefine our

disorders — not gold standards.

3.3 Ongoing piecemeal revisions based on empirical research

Do new definitions outperform current ones?

When is a new definition good enough to replace the existing one? Progress for the new
definition of the kilogram slowed considerably because it turned out to be much more
difficult than had been anticipated to reach a pre-conceived level of accuracy in
measurements of the Planck constant, which was needed to connect it to the kilogram using
the Kibble Balance (Quinn, 2012). Inspired by thermometry, some metrologists proposed to
proceed with larger measurement uncertainties than initially agreed on (Mills et al., 2005).
Others argued that if we fix the Planck constant before measurement uncertainties are
sufficiently low, there is a risk that we have to refix the Planck constant in the future. This
would mean that the absolute mass of International Prototype would change, and hence every

other mass standard (Milton et al., 2014, 2007). Therefore, they proposed to delay the
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redefinition until experiments reach lower uncertainties, comparable with estimated
uncertainty in the absolute mass of the prototype. Moreover, it also had to be shown that the
practical implementation of new units was feasible (Milton et al., 2014)." In the end,
redefinition was postponed.

In contrast, changes in the early editions of the DSM were rarely based on systematic
evidence demonstrating that new definitions outperformed older ones. But this has gradually
changed in the DSM-III-R, DSM-IV and in the latter stages of the DSM-5 under the
Scientific Review Committee (K.S. Kendler, 2013). Currently, a set of validators has been
introduced as criteria to judge whether new proposals will improve on current disease
definitions (K.S. Kendler, 2013). If there is clear evidence that these alternative definitions
outperform the current ones in terms of reliability, validity, or clinical utility, this might lead

to a change in specific diagnostic categories (First, Kendler, & Leibenluft, 2017).

Continuous piecemeal revision

In metrology, definitions of the second, meter and kilogram were redefined at different points
in time, dependent on scientific discoveries and sufficient empirical evidence that new
definitions were consistent and stable (Quinn, 2012). The current definition of the second, for
instance, was introduced in 1967 after discoveries of atomic vibrations and atomic clocks,
which enabled the redefinition of the second in terms of vibration of caesium atoms instead
of rotation of the earth around its axis (Quinn, 2012). The current definition of the meter,
namely the length of path travelled by light in a time interval of 1/299 792 458 of a second,
stems from 1983, after developments in laser technology. Instead, the entire DSM has been
subject to revision in 1994 and 2013 (American Psychiatric Association, 1994, 2013). One of

the down sides is that this might lead to an urge to change diagnoses without sufficient
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evidence to support such changes, or - conversely - not being able to adjust definitions in a
timely manner (Kendler, 2013).

In contrast to this process of entire revisions at certain time points, the APA has
adopted an empirically driven continuous improvement model (First et al., 2017; Moran,
2017). This new approach of 'DSM5 as a living document' aims to incorporate changes in
DSM when sufficient scientific findings have accumulated, but to prevent unnecessary
changes if there is no robust evidence. The APA opened a DSM web portal to receive
proposals for introduction, deletion, or revisions of diagnostic categories or subtypes.
Researchers from all over the world are invited to propose changes based on sound scientific
evidence, i.e. a thorough review of the literature and secondary data analyses, much like the
scientific review committee of the DSM-5 itself did. If there is clear evidence that these
alternative definitions outperform the current ones in terms of reliability, validity, or clinical
utility, this might lead to a change in specific diagnostic categories (First et al., 2017). This

continuous, piecemeal approach is similar to the revision procedures in metrology.

No final definitions

Metrology shows that it is unlikely that we will ever have a 'definitive’ classification. Even
regarding very basic concepts such as the second, scientific findings have led and are still
leading to new definitions. In metrology, certain presumed constants of nature turned out to
be subject to change after all." For instance, the time for the earth to turn around its axis was
presumed as a constant of nature, and used to define the second (Poincare, 1913). But the
rotation of the earth around its axis appeared to get a little slower each year. By the 1950s it
was known that a day was getting longer by 1.7 millisecond per century. The second was

redefined into atomic transitions in 1983 (Quinn, 2012). Currently, new scientific
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developments to improve atomic clocks promise future redefinition of the second to improve

precision (Cartlidge, 2018).

In psychiatry, we can find similar examples of scientific findings that led to new or modified
definitions. For instance, Leonard’s proposal to separate bipolar from unipolar depression
gained prominence as lithium treatment was studied and showed to be rather specific (Baron,
Gershon, Rudy, Jonas, & Buchsbaum, 1975). New definitions could also result from
scientific findings that were originally not intended to find new categories. For instance, the
finding of autoantibodies reacting with neural NMDA-receptors in 12 women (14-44 years)
who developed prominent psychiatric symptoms (e.g., psychosis, agitation), amnesia,
seizures, and autonomic dysfunction, led to the introduction of a new category, i.e. anti-
NMDA receptor encephalitis (Dalmau et al., 2007). Cases formerly admitted to psychiatric
units and diagnosed with acute psychosis, can now be diagnosed with this newly discovered
immune-mediated disorder, and treated more appropriately (Gibson et al., 2019). Thus,
revisions in metrology and psychiatric nosology can be expected to continue as our insights
into disorders continue to grow. These processes of definitional change must not be
considered as pointing towards a natural end point, but taken more in the spirit of continuous

improvement.

4. Discussion

General findings

In this paper, we studied the proposed redefinition of the kilogram - from a cylinder of

platinum-iridium to the Planck constant - to better understand the reasons and procedures for
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changing definitions in psychiatry. In short, the case of the kilogram shows that 1) sometimes
the rationale to change definitions might be clear but scientific discoveries are needed to
make progress, 2) definitions can be improved even in absence of gold standards by reference
to their epistemic aims, and 3) definitions are unlikely to be final as future discoveries might
lead to new insights. These results support the relatively novel approach in psychiatry of
ongoing, piecemeal revision of definitions of psychiatric disorders when there is empirical
evidence that the new categories will outperform the old categories, or indeed when there are
changes in our stated epistemic aims. If the goals of a disease classification change, e.g.,
because of changes in the practical application of psychiatric science, then this may also

motivate a definitional revision.

Differences between metrology and psychiatry: strengths and limitations of the
comparison

We chose to compare psychiatry with metrology to show that, even in a 'hard' science dealing
with basic concepts in nature, classification issues arise and can be settled. The case of the
change of the kilogram, and other changes in definitions in metrology raised our interest,
precisely because metrology is dealing with fundamental, long-existing, and basic definitions
such as the second, the meter, and the kilogram. They are quite different from the definitions
of psychiatric disorders, which concern classifications of human beings with mental illnesses
in less clear-cut reference classes. We observe that even in a fundamental science such as
metrology, dealing with basic measurement units, the definitions are not ideal or definitive,
but subject to change based on new scientific discoveries. If definitions in this ‘hard’ science
are not ideal or definitive, we should not expect definitions and classifications in psychiatry
to be ideal or definitive. Hence, the absence of ideal or definitive definitions should not be

seen as undermining the scientific status of psychiatry.
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The fact that metrology is such a different science than psychiatry also limits the
comparison. In many respects, there are important differences. First, the challenges in
psychiatry are more complex as the 'reference class' is less unequivocal. In metrology, the
aim is to approximate a certain historically defined unit (e.g. the cylinder of platinum
iridium) as closely as possible to maintain consistency of units over time. The concept of
mass is on a relatively firm footing, and the metrologist’s task is mostly to find the
procedures to access this concept empirically. In psychiatry, the task of redefining disorders
is more challenging because the conceptual foundations are less settled. The main problem
with the classification is that it does not ensure sufficient homogeneity with respect to
important clinical characteristics (Baumeister & Parker, 2012; Kessler, van Loo, et al., 2017).
While there are historical precedents in psychiatry for specific diagnostic syndromes (e.g.
melancholia/depression)(K.S. Kendler, 2017), they are not as cleanly defined as the meter or
kilogram. There is often disagreement on disease boundaries: do current definitions capture
the right part of the population, or are our definitions too broad or too narrow? (e.g., Zachar
etal. 2017)

Second, the situation in psychiatry is also different from metrology, as psychiatry has
different, less clear-cut, epistemic aims, and there are more criteria that may lead to valid
classifications (K.S. Kendler, 2013). The ultimate goal for definitions in metrology is that
they are stable, consistent, and reproducible standards. The goals for definitions in psychiatry
are that they are stable, consistent, and reproducible classifications but, moreover, that they
improve mental health care, guide the clinical treatment of patients and aid in our
understanding of etiology. The exact goals of psychiatric disease classification, and the
question which criteria will help achieve these goals (the relevant ‘validators’) is subject to

debate (Maj, 2018; Tabb, 2015). Our aim here was not to argue that psychiatric disease
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classifications should be exclusively based on causes, or that the currently proposed
validators for DSM-5 (K.S. Kendler, 2013) are optimally chosen. Rather, we want to
emphasize the following analogy between metrology and psychiatry — what constitutes a
useful definition depends on the classification’s epistemic aims, and no gold standards are
required to make progress.

Third, different forces are at play in deciding on classifications. Next to scientific
reasons, many other forces influence definitions in psychiatry, and they arguably differ in
nature from the forces that drive metrology. Examples of these forces are societal norms, and
historical contingencies. For instance, premenstrual dysphoric disorder was excluded from
past editions of the DSM in part because of strong concerns about the possible social abuses
of the diagnosis leading to negative impact on women in divorce proceedings or running for
political office (Zachar & Kendler, 2014). Ego-syntonic homosexuality was included in the
DSM as a psychiatric disorder until it was eliminated from the manual in 1973, for a complex
mix of reasons including changing cultural attitudes, new empirical data and indeed a new
definition of mental illness (Zachar & Kendler, 2012). The addition of posttraumatic stress
disorder was greatly influenced by the experiences of US military veterans of the Vietham
war (Scott, 1990). Although decisions in metrology might also be subject to forces besides
epistemic ones (e.g., the needs of industry, national pride (Quinn, 2012)), we suspect that
these forces are different and possibly less strong than in psychiatry.

Fourth, metrology and psychiatry impact on different practices. In both cases,
classification changes will have some practical consequences, and thus there is a cost
associated with every change. For instance, the new definition of the kilogram needs to be
disseminated, taught, and measurement procedures will have to change and possibly related
machinery (Milton et al., 2014; Quinn, 2012). Similarly, changes in the DSM need to be

implemented in clinical practice, clinicians trained, and findings of scientific studies need to
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be transposed into the new vocabulary. A major difference, however, is that metrology's
redefinitions concern units in the natural sciences, whereas redefinitions in psychiatry
concern human beings. To be classified as having a mental disorder might have important
consequences for individual's self-image, treatment and participation in society, and access to
healthcare (Hacking, 1995, 2014), which is obviously a major difference with a change of the

kilogram.

5. Conclusions

The story of the kilogram illustrates that redefinition issues are inherent to science and are
certainly not unique for psychiatry. It also suggests that, if we eventually want to define
psychiatric disorders more in terms of causes than in terms of signs and symptoms, we are
dependent on fundamental scientific discoveries. Moreover, the shape of our nosological
revisions will be determined not just by the availability of these crucial scientific findings,
but also by the epistemic goals that we set ourselves, i.e., the precise ways in which we aim
to improve mental health care. The novel approach of the APA with respect to the revision
process of the DSM (the DSM as a 'living document’) is in line with the ongoing, piecemeal,
evidence-based redefinition procedures in metrology. Finally, since there are fundamental
differences in redefinition issues in metrology and psychiatry, future studies of other medical

disciplines, biology, or ecology, might offer additional insights relevant for psychiatry.
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Figure 1. Relative changes in mass of official copies compared to the International
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Notes

" Instead, the predecessor of the international kilogram - the old Archives prototype of the kilogram - was a
cylinder with a mass based on measurements of the weight of one cubic decimeter of water and had been
constructed by sintering powder at high temperatures. The interstices were full of gas that would have been
removed in vacuum, as well as the surface contamination. This would alter the weight of the Archives kilogram,
and made it inadequate to use as an international reference (Quinn 2012).

" The moving-coil watt or Kibble balance was invented by Bryan Kibble in 1975, and relates virtual mechanical
and electrical power (Robinson 2016). The Kibble balance is an equal arm balance, consisting of one arm with a
mass (e.g. one kilogram), and a second arm with a coil of wire placed in a strong magnetic field. This enables
the Kibble balance to relate macroscopic mass to the Planck constant, which links the amount of energy a
photon carries with the frequency of its electromagnetic wave.

'In this manuscript, we refer to the set of validators which are currently proposed as criteria to judge new
proposals for changes in the DSM-5 psychiatric disease classification scheme (Kendler, 2013). We use this set
of validators as an example of criteria to assess whether new classifications benefit the epistemic goals of
psychiatry. Note that our aim is not to demonstrate that these criteria are optimally chosen.

" For an example of an empirical validation of new data-driven subtypes of depression with respect to the
specificity of course of illness, we refer to (van Loo et al. 2014; Wardenaar et al. 2014; Kessler et al. 2016).
¥'In 2010, the Consultative Committee for Mass and related Quantities (CCM) agreed on a set of technical
criteria to be met before redefinition of the kg in order to ensure that, after redefinition, 1 kg can be realized and
disseminated with a standard uncertainty < 20 microgram (Milton et al., 2014)(List 1).

¥ Even in the natural sciences, the idea that you would ever get a theory of everything is flawed (cf. Cartwright

1983). There is always a messy story when you transition from theory to practice.
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