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In 2008, the National Institute of Mental Health (NIMH) included in its new Strategic Plan the following aim: “Develop, for research pur-
poses, new ways of classifying mental disorders based on dimensions of observable behavior and neurobiological measures”. The implemen-
tation of this aim was named the Research Domain Criteria project, or RDoC. RDoC is a programmatic initiative that will fund grants, con-
tracts, early-phase trials, and similar activities for the purpose of generating studies to build a research literature that can inform future ver-
sions of psychiatric nosologies based upon neuroscience and behavioral science rather than descriptive phenomenology. RDoC departs
markedly from the DSM and ICD processes, in which extensive workgroup meetings generate final and finely-honed sets of diagnoses that
are modified in field tests only if problems with clinical utility arise. Rather, in keeping with its provenance as an experimental system, the
RDoC provides a framework for conducting research in terms of fundamental circuit-based behavioral dimensions that cut across traditional
diagnostic categories. While an important aim of the project is to validate particular dimensions as useful for eventual clinical work, an
equally important goal is to provide information and experience about how to conceive and implement such an alternative approach to fu-
ture diagnostic practices that can harness genetics and neuroscience in the service of more effective treatment and prevention. This paper
summarizes the rationale for the RDoC project, its essential features, and potential methods of transitioning from DSM/ICD categories to di-
mensionally-oriented designs in research studies.
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A spirited debate about psychiatric
diagnosis broke out on the eve of the
DSM-5 release following a blog post by
the Director of the National Institute
of Mental Health (NIMH), Dr. Thom-
as Insel, entitled Transforming Diagno-
sis (1). In the post, Dr. Insel reviewed
the common consensus in the research
community regarding the problems
with the DSM system, i.e., diagnoses
based upon presenting signs and symp-
toms that have acceptable reliability
but have increasingly been shown not
to represent valid disease entities. In-
stead, he stated that the NIMH would
“re-orient” its research away from the
DSM-5 toward the NIMH’s Research
Domain Criteria (RDoC) project, de-
veloped to explore ways of incorporat-
ing such methods as genetics, neuroim-
aging, and cognitive science into future
diagnostic schemes based upon behav-
ioral dimensions and neural systems.
The ensuing online discussion was un-
fortunately misguided, in that the post
was addressed to the research commu-
nity (and in particular, to potential
peer reviewers of RDoC research grant

applications) rather than to observers
of the DSM-5, and the debate subsided
following a joint press release by the
NIMH and the American Psychiatric
Association that reaffirmed the agen-
cies’ shared interests in psychiatric di-
agnosis and the important role played
by the DSM in clinical use (2).

The scientific significance of the
discussions, however, remained: the
DSM-5 shows almost no influence of
the remarkable advances in new tech-
nologies and substantive knowledge in
neuroscience and behavioral science
since the DSM-IV release in 1994, in
spite of a decade-long literature review
by committees of experts for the new
revision. Dr. David Kupfer, the re-
spected head of the DSM-5 process,
was essentially correct in stating: “The
problem that we’ve had in dealing with
the data that we’ve had over the five to
10 years since we began the revision
process of DSM-5 is a failure of our
neuroscience and biology to give us
the level of diagnostic criteria, a level
of sensitivity and specificity that we
would be able to introduce into the di-

agnostic manual” (3). His comment
raises the obvious question: how does
the field go about changing directions
to remedy this pressing problem?

Students of nosology have consid-
ered at some length the kinds of re-
search that need to be conducted in or-
der to move toward more scientifical-
ly-informed conceptions of diagnosis
and etiology. Considering the impres-
sive range of disciplines that such com-
mentaries represent, there is a remark-
able consensus, as shown in the fol-
lowing small sample of quotations:
“the DSM’s descriptive criteria are de-
signed to be transitional until research
reveals etiologically distinct disorders
among current syndromes” (4, p. 27);
“empirical data have been quite con-
sistent with the possibility that terms
that are routinely used in clinical in-
quiry, from neuroticism and extraver-
sion to depression and posttraumatic
stress disorder, do not in fact represent
meaningful, cohesive psychological
constructs; rather, they represent com-
binations of constructs” (5, p. 281); “a
more powerful approach is to move
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beyond simply rearranging symptom
constellations, and to configure how
known facts across the genomic, en-
viromic, endophenomic and phenomic
domains may be reassembled to identi-
fy clusters of etiopathologically mean-
ingful and empirically testable entities
while remaining agnostic to tradi-
tional, phenotypic boundaries” (6, p.
11); “the field will have to collect data
across the current diagnostic catego-
ries, focus on comparing across disor-
ders as much as comparing across nor-
mal controls and will need to collect
and curate data, so that it can be wide-
ly shared and collated” (7, p. 4). As a
national funding agency charged with
envisioning and implementing the fu-
ture, the NIMH’s goals are very much
in harmony with such visions.

These insightful commentaries un-
fortunately omit one very inconvenient
fact in the well-reasoned calls for new
research directions: the DSM/ICD
system has become the international
de facto standard for submitting re-
search grant applications to both pri-
vate and public funding agencies, and
conservative review processes are
typically quite unforgiving of any
deviations from orthodoxy. Further,
the system has served so well for clini-
cal, services, administrative, and legal
purposes that any changes are now
fraught due to the ripple effects that
even the smallest changes in categories
or criteria may have upon eligibility for
mental health services, insurance pay-
ments, secular trends in prevalence
rates, health care costs, research using
the categories, and so on. Thus, the
system’s own success has become one
of the largest barriers to change. In this
light, the research enterprise is pre-
sented with a paradox. In order to at-
tain groundbreaking nosological ap-
proaches in the future that are based
upon genetics, other aspects of neuro-
biology, and behavioral science, a req-
uisite literature is required that can in-
form these innovations in classifica-
tion and measurement. However, such
a research literature cannot be created
as long as studies are conducted solely
within the constraints of ICD/DSM

categories. This is the rationale for the
development of the RDoC project.

THE RDoC PROJECT

What does RDoC involve? The of-
ficial statement of the RDoC goal –
“Develop, for research purposes, new
ways of classifying mental disorders
. . .” – could be inferred to mean that
NIMH has created a fully-fledged new
nosology that is now ready for field
trials. This is misleading. In fact, the
goal of RDoC is to foster research to
validate dimensions defined by neuro-
biology and behavioral measures that
cut across current disorder categories,
and that can inform future revisions
of our diagnostic systems. In other
words, RDoC is intended to support
research toward a new classification
system, but does not claim to be a
completed system at the current time.
To the contrary, RDoC represents a
framework for conducting research on
psychopathology in ways that diverge
markedly from current standards. The
ultimate goal is to build a research lit-
erature that reflects advances in ge-
netics, other areas of neuroscience,
and behavioral science to provide a
foundation for precision diagnosis and
treatment of mental disorders.

Research applications for the RDoC
project are evaluated in the usual
NIMH manner – through committees
that conduct peer review and give
high scores to the applications deemed
most meritorious. To date, NIMH has
relied upon a combination of funding
set-asides and investigator-initiated
applications to support RDoC research.

The development and overall orga-
nization of the RDoC project has been
reviewed thoroughly elsewhere (8,9)
and will not be covered in detail here.
In brief, an NIMH workgroup was
convened in early 2009 to devise an
approach for the new system. The
workgroup determined that five major
domains of functioning would serve as
an organizing rubric for subsuming
the various dimensions. The five do-
mains are: negative valence systems

(i.e., those that respond to aversive sit-
uations), positive valence systems,
cognitive systems, systems for social
processes, and arousal/regulatory sys-
tems. A workshop was held for each
of these five domains with representa-
tive experts from basic and transla-
tional areas. Each workshop accom-
plished three tasks on the basis of
available basic and clinical literatures:
a) determine the dimensions to be in-
cluded in the domain, starting with a
list of candidates nominated by the
NIMH workgroup; b) provide a defi-
nition for each dimension; and c) for
each dimension, specify various ele-
ments (as supported by relevant data)
that could be used to characterize the
dimension at each of several Units of
Analysis (see below). Dimensions were
included in the matrix if the workshop
members deemed that they met two
stringent criteria: a) there had to be ev-
idence for the dimension as a validated
behavioral function, and b) there had
to be evidence for a neural circuit or
system that plays a preponderant role
in implementing the function.

STRUCTURE OF THE RDoC
MATRIX

The major elements of this organi-
zational scheme can be represented as
a two-dimensional matrix (Figure 1,
see also www.nimh.nih.gov/research-
priorities/rdoc/index.shtml). The vari-
ous dimensions referred to above ap-
pear in the rows of this matrix. They
are formally termed “constructs” to
denote their status as non-computable
concepts based on convergent sets of
data, whose precise functional signifi-
cance changes as increasing amounts
of data are compiled to inform our un-
derstanding (see 5). The constructs are
grouped within the superordinate do-
mains (the “Research Domains”) as
noted above, reflecting significant re-
lationships among constructs within
each domain besides providing a heu-
ristic organizing scheme.

The seven columns of the matrix
represent various classes of measure-
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ment that could be used to assess each
construct, and are termed “Units of
Analysis” (there is also a column to
represent various paradigms used to
assess the construct). As noted above,
entries for each cell – as defined by the
intersection of a row (dimension) and
a column (Unit of Analysis) – were
nominated and vetted by the work-
shop participants. The center column
refers to measurement of particular
brain circuits; the three columns to its
left denote respectively the genes, mol-
ecules, and cells that comprise circuits,
while the columns to the right can be
thought of as various circuit outputs
(behavior, physiological responses,
and verbal reports or clinician-com-
pleted instruments). The latter three
columns include measures that could
be used to assess signs and symptoms
from various self-report or interview-
er-based instruments.

The matrix includes two other di-
mensions that are critical to the RDoC
goal, and should be considered inte-
gral parts of the structure. These two

dimensions, often interacting strongly,
comprise developmental trajectories
and environmental effects (broadly
considered). Most mental illnesses are
now viewed as neurodevelopmental
disorders, and maturation of the ner-
vous system interacts with a wide vari-
ety of external influences beginning at
conception. There has been consider-
able research on multiple risk factors,
in such disparate areas as prenatal in-
fections and early life abuse/neglect,
that can constitute risk for later disor-
ders. However, the current diagnostic
systems do not necessarily promote an
integrative account of developmental
patterns that may differentially lead to
resilience or to disorders, nor a precise
understanding of why a particular in-
sult may lead to different disorders
(e.g., that early life stress represents a
risk variously for depression, post-
traumatic stress disorder (PTSD), or
borderline personality disorder). A
major goal of RDoC is to focus re-
search on relevant systems to docu-
ment the unfolding of trajectories as

they interact with various events – not
only in childhood, but across the life
span.

Some writers have commented that
RDoC embodies a reductionistic ap-
proach that is exclusively focused on
genetics and biomarkers to the exclu-
sion of social influences (e.g., 10). In
fact, as some astute commentators
have observed (e.g., 11), this is not the
case. There is a strong emphasis on
developing a more mechanistic under-
standing of how such factors as life
events and the social environment in-
teract with development to produce a
range of observed outcomes.

As mentioned above, RDoC is a
framework that is designed and in-
tended to both foster and accommo-
date new research findings on a con-
tinual basis. How is this envisioned,
given the current structure of the ma-
trix? The constructs should be re-
garded as particularly promising di-
mensions that could be studied within
the overall experimental scheme, as
vetted by workshop participants for

Figure 1 Research Domain Criteria matrix
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their potential applicability to various
clinical problems. So, the current con-
structs serve both as particularly good
candidates for investigators wishing to
conduct RDoC-themed research, and
as examples for researchers interested
in conducting studies to validate a
new construct. The RDoC workgroup
is committed to updating the matrix
periodically, but this is not actually
necessary, because investigators are
always free to submit grant applica-
tions for new constructs (or revisions
of the current constructs). As always,
the merit of these new ideas is evalu-
ated through the NIMH/National In-
stitutes of Health (NIH) peer review
system.

MAJOR POSTULATES OF RDoC

RDoC adopts very different perspec-
tives compared to traditional systems
in considering psychopathology. As
some of the implications are nuanced
and subtle, additional elaboration will
be useful regarding its workings.

One of the controversies surround-
ing the DSM-5 has revolved around
the issue of whether disorders may be
considered as qualitatively different
from normality (e.g., 12) or fall along
a continuum with no sharp distinction
between normal functioning and dis-
order (e.g., 13). Resolution of this on-
going debate would obviously be in-
formed by data regarding the overall
distribution of “normal” with respect
to adaptive, mildly impaired, and se-
verely impaired functioning. Unfortu-
nately, historically there has been lit-
tle consensus about the domains of
normal functioning in cognitive and
emotional spheres, or how to measure
them. However, over the last few dec-
ades, as a result of increasingly ad-
vanced technologies for structural and
functional analyses of brain circuits,
and equally increasing sophistication
of behavioral measurements, the ma-
jor systems of the brain have been de-
lineated and related to their function-
al outputs. Comparative research has
implicitly mitigated the views of hu-
man exceptionalism that supported

problematic mind-brain dichotomies,
and demonstrated the surprising con-
servation of genes, neurotransmitters,
and behavioral functions across evo-
lution – even in model animals such
as fruit flies and zebrafish, let alone
mammalian species such as rodents
and primates (14).

To give just three examples: a) the
crude “reward system” identified by
Olds and Milner (15) has given way
to the increasingly sophisticated expli-
cation of dorsal and ventral striatum
and the associated differentiation of
functions for experiencing reward,
seeking reward, learning contingen-
cies for reward, and developing habits
(e.g., 16,17); b) responses to acute
threat and potential threat have been
distinguished behaviorally and related
to distinguishable circuits along with
components that dynamically regulate
these responses (18,19); and c) sys-
tems that implement the cognitive op-
erations of working memory first pos-
ited on the basis of behavioral studies
in the late 1960s and 1970s have been
reliably characterized (20,21). Impor-
tantly, many paradigms have been de-
veloped that can provide measures
both of behavioral performance and
of related functional brain activity in a
large population, thus providing some
sense of the normal distribution of be-
havior; obviously, this capability, in
turn, permits a quantitative specifica-
tion of the extent to which various as-
pects of functioning deviate from nor-
mality. Importantly, these new devel-
opments are not confined only to lab-
oratory tasks, but also to psychomet-
rically-derived inventories that relate
strongly to real-world functioning
(e.g., 22).

In terms of the RDoC system, sever-
al consequences ensue from these de-
velopments. First, RDoC adopts a
translational approach to disorders,
construing (for these experimental
purposes) pathology in terms of devia-
tions in fundamental functional sys-
tems. While translational research has
become almost a clich�e in contempo-
rary research, RDoC marks a subtle
but significant shift in direction for
psychiatry. The standard approach to

psychiatric illness has been to define a
mental disorder (on the basis of signs
and symptoms) and then seek a patho-
physiology relating to those symptoms.
In contrast, RDoC asks the following
questions: “What is the normal distri-
bution for a certain trait or characteris-
tic; what is the brain system that pri-
marily implements this function; and,
how can we understand, at various lev-
els of mechanism (23), what accounts
for the development of dysregulation
or dysfunction in these systems along
normal-to-abnormal dimensions?”.
This strategy has obvious advantages
in terms of applying basic research at
all levels of analysis to clinical prob-
lems, as the translation is relatively
straightforward. On the other hand, it
may be more difficult for clinical re-
searchers, since the symptoms that
they are accustomed to study literally
do not appear in the RDoC matrix. A
further implication of the translational
approach is that RDoC is agnostic to
current disorder categories. There is
no claim to “understand” or “explain”
DSM/ICD disorders in terms of these
functions; rather, the aim is more sim-
ply to seek an understanding of how
these various systems may become
dysregulated to various extents and to
relate such dysregulation to relevant
symptoms.

On a related point, RDoC incorpo-
rates a dimensional approach to psy-
chopathology, inherently examining,
to quote the NIMH Strategic Plan for
RDoC, “the full range of variation,
from normal to abnormal, among the
fundamental components [dimensions]
to improve understanding of what is
typical versus pathological”. In fact, the
framework intentionally omits any dis-
ease definitions, disorder thresholds, or
cutpoints for various levels of psychopa-
thology. Because such boundaries can
bias the way research is conducted
(particularly given the inertia of ICD/
DSM-determined disorder categories),
the aim is simply to gather data about
the dimensions that will support future
decisions in this regard, made on the
basis of quantitative data rather than
clinical consensus. Further, the avail-
ability of reliable and valid quantitative
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measurements could permit adjust-
ments over time consequent to epide-
miological studies of risk and outcome,
as has happened frequently over the
years in such areas as hypertension
(24).

One important point in this regard
is that there is no assumption that the
relationships between various meas-
ures of a particular construct are line-
ar, as might be presumed under a sim-
ple severity model. Indeed, the search
for points of disjunction and non-line-
ar functions is a major reason for a
purely empirical approach. One in-
stance of this phenomenon is the clas-
sic inverted U-shaped curve relating
arousal and performance (25). In an-
other intriguing study, Tucker et al
(26) recorded a cortical event-related
potential termed the error-related neg-
ativity (ERN), which in this case dem-
onstrated a larger response when the
subject was given feedback regarding
task-related errors. As predicted, pa-
tients with depression showed larger
ERNs than controls; however, the un-
expected finding was a quadratic rela-
tionship with depression severity, such
that the large ERNs were seen only in
patients with moderate (but not mild
or severe) depression scores.

Some observers might object that
this translational emphasis over-sim-
plifies the richness of psychopatholo-
gy, or that complex psychiatric symp-
toms are not yet ready to be explained
in such a direct translational manner.
For instance, one hears informal com-
ments at conferences that psychosis is
a “black box” in RDoC. The rejoinder
to this view holds that, if the field is
ever to establish a diagnostic system
based upon neuroscience, sooner or
later it will be essential to explain com-
plex symptoms in terms of dysregula-
tion in basic brain operations (as ex-
emplified in the quotations above).
For instance, hallucinations might be
broached in part via a consideration of
systems that represent the integration
of perceptual information (27), while
networks that mediate functions in-
volved with language, working memo-
ry, declarative memory, and learning

would appear to be promising avenues
for the study of delusions (28). The
growing realization that some degrees
of psychotic phenomena are present in
the normal population (29), and also
in broad ranges of psychiatric outpa-
tients (30), is consistent with a view of
these symptoms as dimensionally ar-
rayed in the population and not simply
a manifestation of qualitatively distinct
severe pathology. Thus, an essential
component of an experimental classifi-
cation system involves challenging in-
vestigators to depart from traditional
ways of thinking about disorders in or-
der to seek promising new experimen-
tal ideas.

Another issue concerns the relation-
ship of the various RDoC measures to
presenting signs and symptoms, since
of course the latter are the actual clini-
cal phenomena that bring patients to
the clinic. Establishing mechanistic re-
lationships by which disruptions in the
functioning of one or more constructs
(as assessed by various Units of Analy-
sis) result in specified symptoms or im-
pairments is considered as a central
task for the RDoC project, and a major
component of the grant funding pro-
gram. Notwithstanding the translation-
al research approach, the RDoC proj-
ect is very much directed toward an
understanding of the impairments that
patients experience in their lives, and
this desideratum was emphasized by
the RDoC workgroup in nominating
constructs.

The concern about the current di-
agnostic environment has not been so
much with the symptoms themselves,
as with the way in which they are
clustered into disorders in the poly-
thetic DSM system. Particularly in re-
search and in treatment development
(where the diagnostic category is pre-
eminent as an independent variable
or treatment indication, respectively),
the polythetic algorithms serve to de-
emphasize individual symptoms be-
cause they are important only insofar
as they contribute to diagnosis. Thus,
a strong RDoC research project will
focus upon a specific clinical problem
that can be better explicated through

a research design that combines ap-
propriate Units of Analysis to illumi-
nate the mechanisms of dysfunction.

TRANSITIONING FROM ICD/DSM
TO RDoC

What would a prototypical RDoC
design look like? Such an experiment
would include subjects with a wide
range of normal-to-impaired function-
ing with respect to the dimensional
construct(s) of interest. While many
studies would employ enriched sam-
pling of subjects who evince levels of
impairment consistent with current di-
agnostic criteria, the focus would be
exclusively on the RDoC constructs
without recourse to ICD/DSM diag-
noses in the design. (It is acknowl-
edged that, for the foreseeable future,
these diagnoses will be needed for
medical records and insurance pur-
poses). At the extreme, for example,
samples for a study of reward circuit
activity (as relevant to anhedonia and/
or mania) might be drawn from virtu-
ally the entire population of treatment-
seeking adults – mood/anxiety spec-
trum, psychotic spectrum, eating dis-
orders, personality disorders; for ap-
propriate exploration of dimensionali-
ty, the sample would also include rela-
tively minor psychopathology such as
an adjustment reaction diagnosis as
well as those individuals who do not
meet criteria for any diagnosis. A simi-
lar approach might be used to study
executive function in children across a
range of autism spectrum, attention-
deficit/hyperactivity disorder, and
mood/anxiety disorders (and once
again, those who do not meet criteria
for any disorder).

There are two highly important cav-
eats that are necessary to place this
sort of design in context. First, there
are the obvious considerations for ap-
propriate inclusion and exclusion cri-
teria. The usual exclusions for neuro-
logical conditions or injuries, intellec-
tual disability, extensive substance
abuse in adults, etc. would still apply;
on the other hand, one tactic for ex-
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ploring dimensionality is to broaden
the inclusion criteria for control sub-
jects by permitting more prior or cur-
rent psychopathology. For both adults
and children, it is also critical to ac-
count for normative developmental
stages (e.g., cognitive and physical de-
velopment in children, cognitive slow-
ing in later life), given the emphasis
on normative measurement. Second,
studies of this type may be more infor-
mative when they build upon a prior
basis of research with the relevant
constructs and research designs; for
example, studies that have established
consistent results for an anhedonia di-
mension across the mood/anxiety
spectrum will have a much firmer
foundation for extension to psychotic
and other disorders.

Designs such as those above (vastly
oversimplified here for brevity) may
be considered the “gold standard” in
terms of RDoC’s instantiation of the
corresponding goal in the NIMH Stra-
tegic Plan. Accordingly, a critical as-
pect of the RDoC program is helping
researchers make the transition – both
conceptually and practically – from
the ICD/DSM to a dimensional out-
look. This has been a matter of ongo-
ing concern for the NIMH workgroup,
as the DSM/ICD system has been
used for so long in research and clini-
cal practice that some transition is
needed to consider psychopathology
from other perspectives. These issues
would depend not only on becoming
accustomed to the significance of new
scale values (e.g., for anhedonia or
working memory), but also on achiev-
ing a “mental model” for patients seen
through the RDoC lens. The same psy-
chopathology would be present, of
course, but conceived and measured
in distinct ways.

The general approach to this transi-
tion would incorporate various com-
binations of RDoC constructs and
DSM/ICD disorder categories in
experiments. While these steps may
be useful in transition, there are po-
tential drawbacks as well. One prob-
lem is the temptation for the disorder
categories to remain privileged with
respect to the dimensions: investiga-

tors might continue to regard the di-
agnostic thresholds as demarcation
points for ill versus well, and also con-
tinue viewing pathology through the
DSM/ICD lens rather than acclimat-
ing to the idea of neural systems-
based functional constructs. There is
also the obvious potential bias in sam-
pling mostly patients who meet cur-
rent diagnostic criteria, in treatment-
seeking samples or with other recruit-
ing strategies, thus short-circuiting di-
mensional exploration. In short, these
transitional steps pose the risk that in-
vestigators will continue to regard
their patients – both clinically and in
terms of research designs – in familiar
DSM terms, failing to grow a suffi-
cient appreciation of the precision-
medicine zeitgeist that RDoC is in-
tended to facilitate. For these reasons,
transitional research designs are best
regarded as temporary heuristics for a
limited number of studies if the full
potential of the RDoC framework is
to be reached.

With these caveats in mind, there
are two broad approaches that investi-
gators might use for transitional de-
signs. The first would be studies that
explore RDoC dimensions within mul-
tiple diagnostic groups. The simplest
form of this type would specify in the
design two or three distinct DSM dis-
orders, each recruited for a sufficient
N to achieve acceptable statistical
power. The analysis could then be
conducted in terms of the DSM factor,
the RDoC dimension, and the interac-
tion. Where the N’s are too small to
permit an interaction design, the num-
bers might at least be large enough to
conduct tests of the separate main ef-
fects of the DSM factor and the RDoC
dimension(s). Important additions to
these designs would include subjects
that contribute to exploring a broad
range of the dimensions under study.
As mentioned above, control groups
with liberal inclusion criteria would be
important; others could include treat-
ment-seeking individuals who just fail
to meet criteria for a DSM diagnosis
(as by coming up one symptom short
in the polythetic list, or forme fruste),
or patients with not otherwise speci-

fied (NOS) diagnoses. As with all
DSM-based studies, this type of design
suffers from the problem of how to ac-
commodate and analyze varying num-
bers and patterns of co-morbid DSM
diagnoses – a continuing obstacle that
has been a major rationale for the
RDoC approach.

An alternative approach, somewhat
more compatible with an RDoC de-
sign, would be to include subjects from
all diagnostic groups in one of the
chapters of the new “metastructure”
crafted largely in common between
DSM-5 and the upcoming ICD-11,
without targeting a specific N for each
category. These chapters generally in-
clude a number of disorders varying in
severity – for instance, the Schizophre-
nia Spectrum chapter contains schizo-
typal disorder, schizophreniform dis-
order, brief delusional disorder, etc. As
above, inclusion of subjects with sub-
syndromal pathology or unaffected rel-
atives, in addition to control groups as
described above, would contribute to
the dimensional objectives. As an added
benefit, inclusion of these more varied
groups represents potentially a signifi-
cant contribution to public health,
in that these are patients with palpable
impairments who are typically exclud-
ed from most pathophysiology and
treatment studies due to their failure
to fit one of the modal diagnoses. To
our knowledge, there are no good esti-
mates of the percentage of patients in
these shadow groups, nor estimates of
the magnitude of the public health sig-
nificance posed by their symptoms
and impairment. Finally, a number of
studies have demonstrated palpable
impairments on various laboratory
tasks in clinically unaffected relatives
of probands (e.g., 31). While such
studies have been used to demonstrate
heritable risk, there has been insuffi-
cient attention to date on how such re-
sults could inform the actual patho-
physiological differences that (as quot-
ed above) “improve understanding of
what is typical versus pathological”.

A broader version of this alternative
sampling strategy would involve sub-
jects with primary diagnoses from dif-
ferent chapters of the ICD/DSM meta-
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structure, again without constraining
the subjects to two or three specified
categories. Such groups might initially
include disorders of somewhat com-
parable psychopathology, e.g., schizo-
phrenia spectrum/bipolar spectrum
or unipolar mood/anxiety disorders.
The goal, however, would not be to dis-
tinguish particular groups as is typical-
ly done, but rather to explore the un-
derlying dimension(s) so as to gain a
more comprehensive understanding of
the pathological mechanisms. In this
regard, for instance, Craddock and
Owen (32) posited a gradient of neuro-
developmental pathology, ranging in
a continuous fashion that begins with
intellectual disability and progresses
through autism, schizophrenia, schizo-
affective disorder, bipolar disorder,
and unipolar depression. Each disor-
der is seen not as a unitary disease enti-
ty, but rather as a particular range with-
in the overall gradient. (It is worth not-
ing that, if one selects subjects from
two adjacent ranges of a larger gradi-
ent, a statistically significant result is
virtually guaranteed; it is clearly highly
misleading, at best, to conclude that
these represent two qualitatively dis-
tinct disease entities).

The second broad type of transition-
al designs might simply employ a single
ICD/DSM group in the usual fashion.
However, the investigators would pro-
pose analyses of various dimensions
within the group that might provide
more information about subtypes or
ranges along relevant dimensions than
data from symptom-based efforts (e.g.,
the modest success for understanding
or treating vegetative signs or atypical
depression within the overall category
of unipolar depression). In most cases,
this type of design will have less poten-
tial relative to the ultimate goals of the
RDoC scheme, because it cannot con-
tribute to an understanding of speci-
fied constructs or mechanisms that
could represent cross-cutting diagnos-
tic criteria in future nosologies. How-
ever, this approach may represent a
useful way for investigators with re-
search programs directed toward a sin-
gle ICD/DSM disorder to initiate the
transition toward studying RDoC di-

mensions. To repeat a point made ear-
lier, one component of such studies (as
with any RDoC design) might profit-
ably explore developmental trajecto-
ries so as to understand how individual
differences in neuroplasticity over time
contribute to heterogeneity in present-
ing symptomatology and activity in rel-
evant systems.

RDoC AND TREATMENT
DEVELOPMENT

While the above steps have been ori-
ented toward psychopathology, there
are relatively near-term possibilities for
using RDoC concepts in treatment as
well. The common element for any
treatment trial in RDoC will require
the development of a valid set of mea-
sures that can reliably distinguish a
particular subtype, or critical location
along a dimension, to predict success-
ful treatment outcomes. As one exam-
ple, given the well-known heterogene-
ity of ICD/DSM categories, establish-
ing mechanistically-based subtypes of
current disorders may enhance match-
ing of patients to treatments. For in-
stance, PTSD is often regarded as a
prototypical “fear circuit” disorder.
However, many patients with PTSD
show a blunted affective response to
affective challenges (33), which may
relate to multiple traumas and/or a
chronic course (34). Accordingly, clas-
sic exposure therapies for PTSD might
be predicted to be effective only for
highly fear-reactive patients (where the
fear can be extinguished), while differ-
ent therapies may be indicated for
those with a blunted response pattern.
Appropriate assessments for measur-
ing the fear response in a reliable, idio-
graphic manner, for which there are
multiple potential candidates but no
validated methods, would permit a test
of this hypothesis – which appears to
hold for other anxiety disorders as well
(34).

Similarly, development of new treat-
ments may be facilitated by the identi-
fication of more homogeneous sub-
groups of patients. As a group of in-
dustry scientists noted, “by increasing

the mechanistic understanding of dis-
ease and matching the right treatments
to the right patients, one could move
from one-size-fits-all to targeted thera-
py and increase the benefit-risk ratio
for patients” (35). In other words, new
treatments that target a mechanism
associated with one particular symp-
tom may have a low probability of suc-
cess in a trial for a DSM/ICD indica-
tion, because the particular symptom
is not shared by all patients with the di-
agnosis. By contrast, an exemplary re-
search topic in RDoC might involve an
enhanced understanding of how vari-
ous aspects of reward-related systems
relate to clinical anhedonia (a symp-
tom of depression which itself may be
a multi-faceted clinical construct). If a
new anhedonia treatment were devel-
oped that targets a novel mechanism
based upon such research advances,
the prediction would be that the treat-
ment has therapeutic effects only for
those depressed patients with anhedo-
nia, but should be efficacious for pa-
tients with other diagnoses who have
measurable anhedonia. Once again,
“measurable anhedonia” is a key phrase
that necessitates prior validation of
widely-accepted procedures for this
type of trial.

CONCLUSIONS

As noted at the outset, RDoC is a
long-term funding project designed to
inform future versions of classification
systems. The goal is for research con-
ducted under the aegis of RDoC to
make a definitive contribution to-
ward precision medicine in psychi-
atry, through identification of relation-
ships among aberrations in fundamen-
tal neural systems and functional im-
pairments – and notably including an
emphasis upon neurodevelopmental
trajectories and environmental factors.

Perhaps the most important point
about RDoC is that its essence is to
provide a broad framework for con-
ducting research on mental disorders
from a wholly new perspective. In this
sense, what is most important about
RDoC is not the list of constructs and
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the matrix per se – although thousands
of person-hours have been devoted to
crafting the overall organization and
its specific elements – but the idea of
freeing up investigators to pursue ex-
citing translational research questions
driven by neuroscience and behavioral
science rather than by constraining
sets of symptom clusters.

The main notion of the RDoC ma-
trix is to provide guidance to investiga-
tors in how they might set about tak-
ing the first steps down the long and
arduous road that must be traversed
to reach a point when neuroscience-
based nosologies are possible (and in-
termediate research designs such as
the steps discussed above reflect the
fact that some period of transition is
to be expected). Perhaps the outcomes
for RDoC might be assessed by the
number of research programs that,
freed from the strictures of current di-
agnostic guidelines, outstrip the RDoC
matrix to move in entirely new direc-
tions that transcend the organization
of the current system. Such a result
would be a testament to the imagina-
tion and scientific prowess of the clini-
cal research community, which will
play the largest role in how research
conducted in the spirit of the RDoC
approach contributes to progress in
understanding and treating mental
disorders in the years ahead.
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