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Teaching clinical reasoning is an essential part of medical education. The methods used to 

teach clinical reasoning are varied, and the learner, teacher, context, and material all play an 

important role [1]. Here, the focus is on the use of mnemonic devices. After a brief 

discussion of teaching clinical reasoning and cognitive load theory, we share a mnemonic for 

remembering the structure-function relationship of the most common cognitive and other 

neuropsychiatric syndromes following traumatic brain injury (TBI) and their underlying 

neuroanatomical correlates: “Up is Down, Down is Up, Middle is Flat.”

Teaching Clinical Reasoning and Cognitive Load Theory

In psychiatry residency, as in all other specialties, considerable effort goes into teaching 

clinical reasoning. The clinical reasoning process is perhaps most simply defined as 

“including the physician’s integration of his/her own (biomedical and clinical) knowledge 

with initial patient information to form a case representation of the problem” [2]. There is 

considerable evidence that teaching clinical reasoning is highly content and context specific 

[1]. This means that solving a clinical problem in one medical discipline (e.g., surgery) does 

not predict ability to solve a problem in another area (e.g., psychiatry). In other words, 

research has consistently shown that clinical reasoning as a skill is not generalizable and that 

reasoning skills and critical thinking are perhaps less important than knowledge acquisition 

[2].

Cognitive load theory (CLT) suggests that the human brain is only able to process a certain 

amount of information at one time [1]. Classic teaching is that the human cognitive system 

has a limited working memory that can hold no more than five to nine information elements 

and actively process no more than two to four elements simultaneously [4]. CLT divides 

working memory load into the complexity of the information itself (intrinsic load) and the 

brain resources required to process the information (extrinsic load). Extrinsic load is further 

subdivided into the cognitive work of organizing new information into schemas (germane 

load) and the effort required to process new information due to the way in which it is 

presented (extraneous load) [3, 4]. Learning strategies based on CLT aim to prevent 
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“overload” by decreasing extraneous load, managing intrinsic load, and optimizing germane 

load [4]. Although numerous teaching strategies exist based on this paradigm [4], here we 

discuss the use of mnemonics.

Mnemonic Devices

A mnemonic device is any learning technique that aids information retention. The goal is to 

encode information for easier and more efficient storage and retrieval [5]. There are 

numerous mnemonic types. Some common examples include: music mnemonics (e.g., 

singing the alphabet), name mnemonics (e.g., ROY G. BIV for the colors of the rainbow), 

expression or word mnemonics (e.g., My Very Educated Mother Just Showed Us Nine 

planets for the order of the planets from the sun), and image mnemonics (e.g., creating a 

mental image to remember a list of words). The planet mnemonic is an interesting example 

of what happens when knowledge changes, as Pluto is no longer a planet, but the “p” in 

“planet” is still part of the mnemonic. Within the CLT framework, there is empirical support 

for the use of mnemonics for optimization of germane load, a method for decreasing 

“overload” as described above [6].

Mnemonics devices are widely used in medicine and psychiatry is no exception. Perhaps one 

of the most widely taught mnemonics is the “SIGECAPS” mnemonic, developed by Dr. 

Carey Gross, to assist in remembering the eight neurovegetative symptoms of depression [7]. 

These symptoms are sleep (increased or decreased), interest (decreased), guilt (increased), 

energy (decreased), concentration (decreased), appetite (increased or decreased), 

psychomotor (decreased), and suicidal thoughts (increased). Although many residents know 

it as a name or word mnemonic, it was originally developed as an expression mnemonic 

referring to the prescription one might write for a depressed, anergic patient: SIG: Energy 

CAPSules. Additionally, numerous mnemonics have been developed for the Diagnostic and 
Statistical Manual (DSM) criteria for psychiatric disorders and substance-related disorders 

[8, 9, 10]. Similar to the planet / Pluto example above, criteria-based mnemonics may prove 

troublesome as criteria may change over time.

Below, we describe a novel expression mnemonic for remembering the structure-function 

relationship of the most common cognitive and other neuropsychiatric syndromes following 

traumatic brain injury (TBI) and their underlying neuroanatomical correlates. The 

relationship among mental life, behavior, neurologic symptoms, and brain disease is at the 

center of neuropsychiatric inquiry. An understanding of basic, and at times complex, brain 

circuitry is necessary. Brain circuitry and neuroanatomy represent just one aspect of a 

psychiatry resident’s training. Neuroanatomic correlates of psychiatric symptoms can be 

difficult to remember, and we feel a mnemonic is a welcome addition.

TBI and Neuroanatomy: Up is Down, Down is Up, Middle is Flat

The most recent consensus definition of TBI is that proposed by the Demographics and 

Clinical Assessment Working Group of the International and Interagency Initiative towards 

Common Data Elements for Research on Traumatic Brain Injury and Psychological Health, 

which posits TBI as “an alteration in brain function, or other evidence of brain pathology, 
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caused by an external force [11].” Each year in the United States alone, it is estimated that 

up to 2.5 million civilians suffer TBI with approximately 5.3 million Americans living with 

a TBI-related disability, costing the nation over $76 billion in annual direct and indirect 

medical costs [12]. Cognitive, emotional, behavioral, neurological, and physical 

impairments are common sequelae of TBI, with some studies showing ~80% of individuals 

with TBI experiencing at least one neuropsychiatric symptom [13]. Here, the focus is on the 

most commonly affected neural circuits after TBI, and their associated presenting 

syndromes.

In actuality, almost any region of the brain could be damaged by trauma. However, certain 

brain regions are especially vulnerable to injury after TBI and are consistently associated 

with syndromal presentations. These include the frontal-subcortical networks. Although not 

discussed here, the rostral brainstem and temporal lobes are other vulnerable regions to 

consider.

Frontal-Subcortical Circuits

An understanding of frontal-subcortical circuitry is essential for a discussion of the most 

common syndromal manifestations after TBI. These circuits are intimately involved in 

regulating higher cerebral processes that control cognition (e.g., attention, planning, 

decision-making), behavior, and emotion [14]. The concept of parallel, segregated cortico-

striatal-thalamic loops was originally proposed by Alexander et al. [15], and these loops 

have been implicated in several neurologic and psychiatric disorders. Two of these loops are 

related to motor function and influence musculoskeletal and oculomotor areas of the cortex 

[14]. The three cortico-striatal-thalamic loops relevant to the neuropsychiatric syndromes 

seen after TBI originate in the (1) dorsolateral prefrontal cortex, (2) lateral orbitofrontal 

cortex, and (3) anterior cingulate / medial orbitofrontal cortex and project to different areas 

of the basal ganglia.

“Up is Down:” The Dorsolateral Prefrontal Loop and Dysexecutive 

Syndrome

A circuit arising in the dorsal (upper) and lateral (outer) part of the frontal lobes, the 

dorsolateral prefrontal circuit (Figure 1), is associated with modulating cognitive processes 

including working memory (transient ability to hold, process, and manipulate information) 

and executive functions (planning, organizing, decision-making, and problem-solving) [16]. 

The associated regions correlate approximately with Brodmann’s areas 9, 10, and 46. This 

circuit’s loop runs as follows: dorsolateral prefrontal cortex → dorsolateral caudate nucleus 

→ globus pallidus → ventral anterior and mediodorsal thalamus → dorsolateral prefrontal 

cortex [14]. Disruption of this circuit results in the dysexecutive syndrome, in which the 

brain’s ability to act as an executive is down, akin to what is observed in other disorders like 

depression, normal pressure hydrocephalus, and vascular dementia. These patients may have 

trouble with retrieving memories or other stored information, generating word lists, set-

shifting, planning out a complex task, ignoring distracting stimuli, alternating between tasks, 

manipulating abstractions, and inhibiting reflexive responses [17]. “Up is Down” is our 
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mnemonic for remembering that damage to this upper portion of the frontal lobes results in a 

decrease in the brain’s ability to act as an executive.

“Down is Up:” The Orbitomedial Frontal Loop and Disinhibition Syndrome

A second circuit arising in the ventral (lower) and outer part of the frontal lobes, the 

orbitofrontal circuit (Figure 1), is described as the “neocortical representation of the limbic 

system” and is involved in determining the appropriate time, place, and strategy for 

environmentally-elicited behavioral responses [14]. The orbitofrontal cortex is divided into 

lateral orbitofrontal cortex, involved in evaluating and learning from negative experiences, 

and ventromedial prefrontal cortex, involved in evaluated and learning from rewarding 

experiences. Together, this is referred to as the orbitomedial prefrontal cortex. Overall, the 

orbitofrontal circuit plays a critical role in monitoring and integrating external sensory inputs 

and internal affective states, hence guiding intuitive social behaviors and the capacity to self-

monitor and self-correct in real time within a social context [16]. The associated regions 

correlate approximately with Brodmann’s areas 10, 11, and 47. This circuit’s loop runs as 

follows: orbitofrontal cortex → ventral striatum (ventromedial caudate and putamen, medial 

nucleus accumbens) → ventral pallidum → mediodorsal thalamus → orbitofrontal cortex 

[14]. Disruption to this circuit results in the disinhibition syndrome, in which the number of 

inappropriate behaviors is up. Example symptoms include increased emotional lability, 

impulsivity, and lack of social tact. These patients may display behaviors similar to the 

mania of bipolar disorder, the inattention of ADHD, the sociopathy of antisocial personality, 

the irritability of borderline personality, and the compulsivity associated with substance 

abuse [17]. “Down is Up” is our mnemonic for remembering that damage to this lower 

portion of the frontal lobes results in an increase in inappropriate social behaviors.

“Middle is Flat:” The Anterior Cingulate Loop and Apathy Syndrome

A final circuit arising in the medial (middle) frontal lobes, dorsal and anterior to the corpus 

callosum, the anterior cingulate circuit (Figure 1), modulates motivated and reward-related 

behaviors [16]. The associated regions correlate approximately with Brodmann’s areas 24 

and 32. This circuit’s loop runs as follows: anterior cingulate cortex → mid-caudate and 

putamen → medial globus pallidus → mediodorsal thalamus → anterior cingulate cortex 

[14]. Disruption to this circuit results in the apathy syndrome, which refers to global loss 

(flattening) of motivation and emotional responsivity, and hence reduced goal-directed 

behaviors [14]. These patients may present without emotion, and do not experience desire, 

passion, or motivation [17]. “Middle is Flat” is our mnemonic for remembering that damage 

to this medial portion of the frontal lobes results in flattening of emotions and behaviors.

Conclusion

Acquisition of clinical knowledge is an essential part of developing clinical reasoning. 

Having strong reasoning and critical thinking skills is simply not enough. Within the CLT 

framework, mnemonics work by optimizing germane load. As an example, here we 

presented a mnemonic for remembering the neuroanatomic location of the circuits damaged 

in the most common cognitive and other neuropsychiatric syndromes after TBI. We 
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recommend the “Wizard of Oz” approach articulated by Quinn and Katzman [17] for 

remembering descriptions of these syndromes. Knowledge of these syndromes and the 

associated circuits is important to any physician treating patients with TBI. Overlapping 

syndromes may present due to damage to more than one frontal-subcortical circuit (e.g., 

disinhibition and apathy) and comprehensive neuropsychiatric evaluation can help in 

identifying the predominant syndrome. In the future, neuromodulation strategies (e.g., 

transcranial magnetic stimulation, deep brain stimulation) may be able to target and 

recalibrate specific neuronal circuits.
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Figure 1. 
The Neuroanatomic Correlates of Syndromal Presentations after Traumatic Brain Injury
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