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Abstract
Objective Clinical and neurobiological data suggest that psy-
chiatric disorders, as traditionally defined in the Diagnostic
and Statistical Manual of Mental Disorders (DSM), are (1)
more comorbid than expected by chance, (2) often share
neurobiological signatures, and (3) reflect alterations across
multiple brain systems that mediate particular mental process-
es. As such, emerging conceptualizations such at the National
Institute of Mental Health’s Research Domain Criteria Project
(RDoC) have suggested that a different way to understand
psychopathology may be with respect to the degree of dys-
function in each of these brain systems, seen dimensionally,
which both cross traditional diagnostic boundaries and extend
to a healthy range of functioning. At present, however, this
scientific perspective has not been incorporated into neurosci-
ence education in psychiatry, nor has its relationship to clinical
care been made clear.
Methods We describe the rationale and implementation of a
reformulated neuroscience course given to psychiatric resi-
dents at Stanford University centered on the conceptual frame-
work of RDoC. Data are presented on resident feedback
before and after revision of the course.
Results A clear motivation and rationale exists for teaching
neuroscience in a transdiagnostic framework. This course was
taken up well by the residents, with overall feedback signifi-
cantly more positive than that prior to the course revision.
Conclusion This “proof of concept” neuroscience course il-
lustrates a potential route for bridging between rapid advances
in psychiatric neuroscience and the clinical education for
trainees not otherwise versed in neuroscience but who are
needed for scientific advances to translate to the clinic. The

promise of this approach may be in part related to the similar-
ity between this framework and problem-based approaches
common in routine clinical care. In such approaches, clini-
cians focus on the expressed complaints of their individual
patient and identify specific symptoms as the target of
treatment—symptoms which are presumably the expression
of dysfunction in specific brain systems.
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Traditional formulations of mental illness, as codified since
the third edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM) [1], have emphasized that psychiat-
ric diagnoses represent entities definable by a set of symptom
criteria. This view has dominated both psychiatric research
and clinical practice, as well as insurance reimbursement and
health policy decisions. As a consequence, neuroscience cur-
ricula in psychiatric training have generally followed this
model as well. In a typical course, students and residents
may be given a general and brief overview of brain systems
and potentially an introduction to general neuroscience
methods. The bulk of the course, however, may focus on
describing neurobiological knowledge as it pertains to major
psychiatric illnesses, with a primary focus on Axis I disorders.
That is, a set of lectures may be presented on the “neurobiol-
ogy of depression” or “neurobiology of schizophrenia.”While
this format presents an opportunity for integration of neurobi-
ological knowledge across disorders, typically, the depth of
neuroscience knowledge in psychiatric residents is insufficient
to do so effectively.

Insights from the past two decades of cognitive neurosci-
ence research on these illnesses, however, have challenged
this view of psychiatric disorders as discrete entities. Indeed,
evidence indicates that abnormalities in brain function are
often similar across disorders, map onto specific symptoms
or clinical impairments better than onto a specific disorder,
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and can be described in terms of dimensional differences in
the functioning of brain systems. One form of this perspective
has been more recently formalized through the National Insti-
tute of Mental Health’s (NIMH’s) Research Domain Criteria
(RDoC) project [2]. With these evolving views of how best to
conceptualize mental illness comes the challenge of educating
students and residents in psychiatry, who will be increasingly
expected to understand neurobiology, apply neuroscience-
based insights to their clinical care, and adapt to a rapidly
developing area.

Here, we present one approach to a neuroscience course for
psychiatric residents implemented by one of us (AE) at
Stanford University, which reformulates how to approach
neuroscience education in light of advances in research. This
course description is thus to be taken as a “proof of concept”
which can yield hypotheses regarding neuroscience education
that can be more directly tested in future work. Importantly,
the aim of this course is not only to update neuroscience
education to reflect our emerging understanding of mental
illness but also in doing so to present it in a fashion that
maximizes appeal to the general clinician. In a separate work
involving a national survey of attitudes toward neuroscience
and education, members of our research group have recently
found that psychiatrists at all levels of training and experience
(residents, practitioners, and psychiatry department chairs)
enthusiastically endorse both the need to learn more neurosci-
ence and the importance of transdiagnostic concepts [3]. As
we argue below, in many ways a dimensional and
transdiagnostic approach is a close match to the daily
experience of routine clinical work, and in many ways
it maximally honors the rich psychological and pharma-
cological traditions in the field. Moreover, many psy-
chiatric residents enter with relatively little neuroscience
education and may not readily seek out this knowledge,
be it due to time constraints or inclination. Our ultimate
aim was therefore to instill optimism for novel therapies
and personalized medicine by application of insights
from neuroscience now and into the future.

Conceptual Basis

There are two propositions on which the Stanford neurosci-
ence course is based: (1) that a robust scientific literature exists
pointing to the need and utility of reformulating mental ill-
nesses in terms of dimensions of impairment in distinct neu-
robehavioral systems, and (2) that during routine clinical
interactions, practitioners are comfortable thinking in
transdiagnostic terms, even if they do not explicitly formulate
their observations as such. Below, we elaborate on each of
these core propositions and then present the structure of the
course and an example lecture illustrating our approach.

The RDoC Formulation of Mental Illness

The clinical and neurobiological understanding of psychiatric
disorders has been challenged for a long time by observations
that the rate of comorbidity between disorders is much higher
than expected by chance [4], that many patients fail to fit
cleanly into an established diagnostic category, and that the
neurobiological signatures of many disorders appear similar
[5, 6]. Basic science in humans and animal experiments have
delineated a number of core neurobiological functional
units—neurobehavioral systems—that are composed of inter-
connected brain regions (themselves composed of microcir-
cuits) that mediate specific mental, behavioral, or physiolog-
ical capacities [6]. The functioning of any particular neurobe-
havioral system may be influenced by genetics and/or life
events, occurring during development or adulthood. More-
over, any specific neurobehavioral system, such as those
underlying responses to threat, modulation of attention, or
establishment of patterns of attachment, can be described at
a range of levels, from genes and proteins to circuits and
ultimately behavior and self-report.

The understanding of psychopathology in terms of compo-
nent abnormalities in discrete neurobehavioral systems is
therefore at the heart of an RDoC-type approach [2, 7], which
argues that mental illness is a set of these abnormalities that
together present as a clinical syndrome in an individual pa-
tient. In other words, taking the basic premise that psychiatric
disorders are fundamentally brain disorders, an understanding
of a complex clinical presentation must ultimately relate back
to abnormalities in core systems within the brain. Unlike
traditional DSM-type diagnostic approaches to neuroscience,
however, RDoC does not assume that a collection of symp-
toms reflects a single psychopathological process nor that
symptoms alone can adequately describe the brain abnormal-
ities at play. As such, the emphasis is on going beyond
manifest clinical presentation and revealing relevant funda-
mental brain mechanisms. The high degree of comorbidity
and shared neural substrates across DSM diagnostic catego-
ries, as well as clinical heterogeneity, no longer presents a
challenge to diagnostic formulation. Rather, impairments are
considered to exist dimensionally across the spectrum of
normal functioning and different types of psychopathology.
In other words, no assumptions of discrete disorders with
clearly definable boundaries are made.

In some ways, DSM itself can be considered to have begun
the transition to a dimensional RDoC approach. For example,
disorders are grouped into “chapters” that denote a greater
similarity between disorders within the chapter than those in
separate chapters [1]. As such, the specific content and criteria
for individual anxiety disorders may differ, but they are un-
derstood to fall within a more similar broader class of impair-
ment [8]. One critical difference between a traditional DSM-
type formulation and that offered by RDoC is that the latter
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moves away from a purely symptom-driven classification and
focuses on more proximal neurobiological mechanisms. Ulti-
mately, it is hoped that the research generated by the RDoC
approach will inform new versions of psychiatric classifica-
tion systems that best capture neurobiological reality and do
so in a clinically meaningful and practical manner.

Relationship to Typical Clinical Interactions

A critical proposition driving the Stanford neuroscience
course is that clinically relevant neuroscience can itself be
better taught by focusing on neurobehavioral systems. Put
simply, we suggest that an RDoC-type approach more readily
teaches to the level at which clinicians are accustomed to
interacting with their patients.

During a clinical interview, information is typically
solicited about presenting symptoms, history, disease or treat-
ment course, salient events or stressors, and interim changes.
Additional information or collateral history may be acquired
from other sources as well. During this process, the clinician
develops a working conceptual model of the patient and her/
his specific complaints and difficulties. Whereas the ultimate
coding of the diagnosis for billing purposes requires reference
to a DSM diagnosis, the ability of the clinician to relate to and
treat an individual patient is frequently driven by a specific
understanding of that patient’s clinical state. Many patients in
clinical practice, in fact, may not clearly meet the criteria for
any disorder, may be given multiple diagnoses, or may receive
an NOS (not otherwise specified) diagnosis. As such, formu-
lating neuroscience education around an RDoC-type structure
may be a closer match to what the clinician does in practice.
We also propose that an RDoC-type educational approach
honors the rich tradition of psychiatry rooted in the impor-
tance of interpersonal interactions between the clinician and
the patient, as well as an attentive approach to the specific
patient’s complaints. It is this humanistic element of clinical
care in psychiatry that has ultimately drawnmany clinicians to
the field, such that its easy alignment with the RDoC heuristic
could contribute to the success of this conceptualization. As
such, the course was structured to minimize reductionism
typical of neuroscience courses so that in every lecture, inte-
gration occurred across knowledge arising from animal and
human work, pharmacological and psychosocial interven-
tions, as well as intraindividual and social processes.

Two aspects, however, are important to note at this point.
First, since the DSM-based structure and definition of mental
illnesses are so heavily ingrained during psychiatric training,
the alignment of an RDoC-type framework for neuroscience
with the clinical practice of psychiatry may not be immedi-
ately apparent to many clinicians. Experience with this course
has demonstrated that this shift is embraced, but only after
multiple illustrations of the utility of this conceptual
restructuring. Second, RDoC as a formalized system of

nosology is only in its infancy and was created to guide
research, not as yet to direct clinical care [6]. As such, it is
presented in the course as an organizing principle that pro-
motes patient-centered neuroscience, rather than offering a
specific and codified diagnostic system. Although future work
will be needed to more directly test these hypotheses, the
course described in this article can be regarded as an initial
proof of concept of the feasibility of a transdiagnostic ap-
proach to neuroscience education.

Course Organization

Table 1 shows the lecture titles from the 2012–2013 course,
which was given weekly to third year psychiatry residents at
Stanford over a period of 6 months, before the course moved
into the second year curriculum during the 2013 calendar year.
This move was motivated by the desire to provide this neuro-
science exposure earlier in training and thereby maximize its
impact on learning in subsequent years. Prior to this course,
the primary diagnostic conceptualization that residents re-
ceived was entirely based on the DSM. As such, all efforts
are made to integrate the transdiagnostic neuroscience mate-
rial with DSM diagnoses residents are already familiar with.

Several organizing features are important to note. First, the
topics of lectures generally reference a neurobehavioral sys-
tem (e.g., fear and extinction, attention/executive function,
salience and perception, and reward). These topics are closely
aligned with the current formulation of RDoC [2, 7] but differ
in certain respects to reflect the judgment of the course direc-
tor (AE). For example, greater emphasis has been placed on
emotion regulation, which is described across two lectures.
Pain perception, which is not explicitly included in RDoC, is
presented in a separate lecture. Finally, certain methodological
topics relevant to emerging interventional approaches (e.g.,
brain stimulation, optogenetics, and resting-state networks)
are discussed. Although lectures in the course have been
presented by many of the experts in their fields, this is cer-
tainly not a critical component of the course and was possible
at Stanford simply by virtue of the available faculty.

Another important organizational feature to note is that
most lecture topics also reference a range of traditionally
defined disorders relevant to that neurobehavioral system.
This was done to frame for the students the alignment between
a transdiagnostic approach such as RDoC and the one based
on DSM with which they are more familiar. It also makes
clear from the first day that an understanding of dimensions of
dysfunction within discrete neurobehavioral systems will nec-
essarily relate to a spectrum of clinical states, which may
otherwise not be presented together within a DSM-type frame-
work. One example of this, explored in more depth below, is
the lecture on attention and executive function and its
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relationship to schizophrenia, depression, and attention-deficit/
hyperactivity disorder (ADHD).

In addition to this series of lectures, we have experimented
with journal clubs related to themes raised in the lectures and
more patient case-oriented discussions. In general, however,
the residents preferred the lecture format.

Example Lecture: Attention/Executive Function Systems
and Schizophrenia, Depression, and ADHD

The goal of this lecture is to describe frontoparietal attentional
systems and their role in executive functioning (considered to
be a component of the RDoC Cognitive Control construct)
and to illustrate how they are perturbed not only in several
seemingly disparate disorders but also in individuals at risk for
those disorders and how an understanding of this neurobehav-
ioral system can inform emerging neuroscience-based treat-
ments [6]. The lecture begins by soliciting opinions from the

residents about how they would define executive function in
order to begin operationalizing the topic. The residents then
experience first-hand engagement of executive function by
performing the Stroop and anti-saccade tests in the classroom,
hence also gaining exposure to neuropsychological methods
for measuring the construct in clinical and research contexts.
A circuit heuristic is then presented that introduces the key
neuroanatomical substrates for this well-defined neurobehav-
ioral system, including neuromodulators (i.e., dopamine, nor-
epinephrine, and acetylcholine). The first traditionally defined
disorder reviewed is schizophrenia, including discussion of
neuroimaging studies, the now-resolved controversy regard-
ing whether patients are “hypo-” or “hyperfrontal” [9], neuro-
pathological work on the prefrontal cortex [10], a demonstra-
tion of the relationship between executive functioning and
patients’ real-world functional capacities (whereby cognitive
impairments are the earliest and best predictors of long-term
course, distinct from the positive symptoms classically asso-
ciated with the disorder) [11], and genetic and familial neuro-
imaging data demonstrating that similar impairments in exec-
utive function circuitry are evident even in unaffected indi-
viduals at risk for schizophrenia [12–14]. Drawing on these
data, the residents are then presented with results from several
proof-of-concept treatment studies that use an understanding
of the neurochemistry of this neurobehavioral system (using
nicotinic acetylcholine agonists) [15], or an understanding of
its cognitive neuroscience (using a “brain training” approach)
[16], to treat cognitive dysfunction in schizophrenia in novel
ways not addressed by current medication treatments.

Following this framework, similar results are presented for
major depression and ADHD, including neuroimaging, genet-
ic, and novel treatment data. As such, the residents see the
same neural systems implicated in slide after slide, illustrating
very explicitly the overlap between these three otherwise
disparate disorders within the domain of executive function-
ing. On the basis of these data, the residents are encouraged to
be more curious about the cognitive status of their patients
(whether they have been diagnosed with schizophrenia or

Table 1 Lecture titles for the 2012–2013 neuroscience course

Introductory lectures

Why should psychiatrists care about neuroscience?

Introduction to neuroimaging

Introduction to human genetics

RDoC topic lectures

Salience and perceptual systems and psychotic disorders

Fear and extinction and anxiety disorders

Attention/executive function systems and schizophrenia, depression,
and ADHD

Reward system, addiction, and depression

Social neuroscience and pair bonding

Attachment systems and personality disorders

Theory of mind, empathy, and autism spectrum disorders

Memory systems, aging, and cognitive decline

Habit system, OCD, and Tourette syndrome

Explicit emotion regulation

Implicit emotion regulation

Pain perception and chronic pain disorders

Eating-related behaviors and eating disorders

Resting-state networks in psychopathology

Neural circuit intervention lectures

Brain stimulation therapies

Optogenetics and future circuit-based therapies

Integration lectures

Promise and reality of psychiatric genetics

The history and future of psychiatric classification

Challenges in translating neuroscience to clinical care

Integrative neuroscience and discussing your patient’s brain with them

3

4

5

6

7

practical useful quality enjoyment

pre post

Fig. 1 Resident feedback ratings (1=low, 7=high) on how practical, useful,
of high quality, and enjoyable the course was before (pre) and after (post)
revision from a DSM-oriented to an RDoC-oriented course. Plotted are
means and their standard errors
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depression), including the application of the easily adminis-
tered neuropsychological tools that they experienced firsthand
in the lecture. As such, the point is made that this domain of
dysfunction is often not directly explored in clinical care, in
part because current therapeutics do not improve cognition.
Nonetheless, the residents are encouraged to draw the conclu-
sion that not only is assessing cognition of critical importance
to understanding these patients and feasible to do in routine
clinical care, but it is also important for being able to properly
apply novel therapeutic approaches that may not be far from
practical clinical implementation.

Course Feedback

Residents provide feedback at the conclusion of every course
using a 1–7 scale rating how practical, useful, enjoyable, and
high quality the course was. We used these data from the year
before and after the RDoC-oriented revision (Fig. 1). Of note,
these ratings are given after every course at Stanford and were
not geared for the specific assessment of the changes made in
the neuroscience course and hence can be considered useful
measures of convenience in the present context. Nonetheless,
we found that the revised course was rated as significantly
more practical and of higher quality (p<0.05, unpaired t test),
a trend toward greater utility (p=0.09), but similarly enjoyable
(p=0.61). Thus, though the instructors changed with the
course revision, these data suggest that the material and their
presentation held greater appeal to the residents than a more
traditionally designed course organized around DSM
diagnoses.

Conclusions and Future Directions

We present here the rationale and implementation of a neuro-
science course for psychiatric trainees that is based on a
conceptual reformulation of mental illness away from the
diagnostic categories present in DSM and toward a dimen-
sional and transdiagnostic perspective as represented in the
NIMH’s RDoC initiative. At the core of the RDoC approach
to neuroscience education is the concept that causative brain-
level abnormalities are best understood at the unit of the
neurobehavioral system, wherein perturbations may be seen
across a range of traditionally defined disorders. We suggest
that a dimensional and transdiagnostic neurobiology of mental
illness is well aligned with both extensive clinical neurosci-
ence data and the problem-focused nature of routine clinical
interactions with individual patients. The challenge in future
curriculum development is thus not in establishing a proof-of-
concept course, but rather in finding ways to help this ap-
proach take root through continuing educational experiences.
Likewise, direct evaluation of resident attitudes and use of the

ideas from this course in clinical practice would be important
in assessing the utility of our proposed approach for teaching
neuroscience. Finally, although Stanford has many experts in
clinical neuroscience who can teach lectures in this course,
such expertise is unlikely to be the case universally. Through
rapidly evolving Internet-based educational tools, however,
successful implementation of this course at other programs
may be facilitated through the use of online lecture dissemi-
nation tools (e.g., Coursera), multi-site video-teleconference,
or pre-recording of lectures for later viewing.

Implications for Educators

• Advances in neuroscience are of increasing relevance for training of
psychiatrists.

• Traditional concepts of psychiatric illness and its neurobiology may
not fully capture the state of the science or the experience of clinicians
with their patients.

• We have outlined a new approach at teaching neuroscience that
emphasizes the centrality of abnormalities in dissociable neural
systems and mental capacities, which thus crosses traditional
diagnostic boundaries and aligns with problem-focused clinical care.

Implications for Academic Leaders

• Rapid advances in neuroscience knowledge, and increasing relevance
of neurobiology to clinical care in psychiatry, emphasize the need for a
reconsideration of how neuroscience is taught in psychiatry.

• There is a lot of enthusiasm among trainees for learning neuroscience,
in particular if it aligns well with their clinical experience and style.

• National trends toward dimensional and transdiagnostic
neurobiological models of mental illness offer a cutting-edge way to
merge scientific advances with innovative teaching approaches.

Disclosures The authors have no competing interests to disclose.

References

1. APA: Diagnostic and Statistical Manual of Mental Disorders Fifth
Edition. Arlington, VA: American Psychiatric Publishing, 2013.

2. Insel T, Cuthbert B, Garvey M, Heinssen R, Pine DS, Quinn K, et al.
Research domain criteria (RDoC): toward a new classification frame-
work for research on mental disorders. Am J Psychiatry. 2010;167:
748–51.

3. Fung LK, Akil M, Widge A, Roberts LW, Etkin A. Attitudes toward
neuroscience education among psychiatry residents and fellows.
Acad Psychiatry. doi:10.1007/s40596-014-0034-x.

4. Clark LA, Watson D, Reynolds S. Diagnosis and classification of
psychopathology: challenges to the current system and future direc-
tions. Annu Rev Psychol. 1995;46:121–53.

5. Etkin A, Wager TD. Functional neuroimaging of anxiety: a meta-
analysis of emotional processing in PTSD, social anxiety disorder,
and specific phobia. Am J Psychiatry. 2007;164:1476–88.

6. Pittenger C, Etkin A: Are there biological commonalities among
different psychiatric disorders?, in Psychiatry. Edited by Tasman A
KJ, Lieberman JA, FirstMB andMajM. Chichester, UK, JohnWiley
and Sons, 2008, pp. 245–256.

7. Cuthbert BN, Insel TR. Toward the future of psychiatric diagnosis:
the seven pillars of RDoC. BMC Med. 2013;11:126.

Acad Psychiatry (2014) 38:145–150 149

http://dx.doi.org/10.1007/s40596-014-0034-x


8. Watson D. Rethinking the mood and anxiety disorders: a quantitative
hierarchical model for DSM-V. J Abnorm Psychol. 2005;114:522–36.

9. Callicott JH, Mattay VS, Verchinski BA, Marenco S, Egan MF,
Weinberger DR. Complexity of prefrontal cortical dysfunction in
schizophrenia: more than up or down. Am J Psychiatry. 2003;160:
2209–15.

10. Lewis DA, Lieberman JA. Catching up on schizophrenia:
natural history and neurobiology. Neuron. 2000;28:325–34.

11. Kurtz MM. Symptoms versus neurocognitive skills as correlates of
everyday functioning in severe mental illness. Expert Rev Neurother.
2006;6:47–56.

12. Egan MF, Goldberg TE, Kolachana BS, Callicott JH,
Mazzanti CM, Straub RE, et al. Effect of COMT Val108/
158 Met genotype on frontal lobe function and risk for
schizophrenia. Proc Natl Acad Sci U S A. 2001;98:6917–22.

13. Callicott JH, Egan MF, Mattay VS, Bertolino A, Bone AD,
Verchinksi B, et al. Abnormal fMRI response of the dorsolateral
prefrontal cortex in cognitively intact siblings of patients with schizo-
phrenia. Am J Psychiatry. 2003;160:709–19.

14. Markov V, Krug A, Krach S, Jansen A, Eggermann T, Zerres K,
et al. Impact of schizophrenia-risk gene dysbindin 1 on brain
activation in bilateral middle frontal gyrus during a working
memory task in healthy individuals. Hum Brain Mapp. 2010;31:
266–75.

15. Olincy A, Harris JG, Johnson LL, Pender V, Kongs S, Allensworth
D, et al. Proof-of-concept trial of an alpha7 nicotinic agonist in
schizophrenia. Arch Gen Psychiatry. 2006;63:630–8.

16. Fisher M, Holland C, Merzenich MM, Vinogradov S. Using
neuroplasticity-based auditory training to improve verbal memory
in schizophrenia. Am J Psychiatry. 2009;166:805–11.

150 Acad Psychiatry (2014) 38:145–150


	Beyond the DSM: Development of a Transdiagnostic Psychiatric Neuroscience Course
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Conceptual Basis
	The RDoC Formulation of Mental Illness
	Relationship to Typical Clinical Interactions

	Course Organization
	Example Lecture: Attention/Executive Function Systems and Schizophrenia, Depression, and ADHD
	Course Feedback
	Conclusions and Future Directions
	References


