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Abstract. Biases in selection, training, and continuing professional development of 
medical specialists arise in part from reliance upon expert judgement for the design, 
implementation, and management of medical education. Reducing bias in 
curriculum development has primarily relied upon consensus processes modelled on 
the Delphi technique. The application of machine learning algorithms to databases 
indexing peer-reviewed medical literature can extract objective evidence about the 
novelty, relevance, and relative importance of different areas of medical knowledge. 
This study reports the construction of a map of medical knowledge based on the 
entire corpus of the MEDLINE database indexing more than 30 million articles 
published in medical journals since the 19th century. Techniques used in 
cartography to maximise the visually intelligible differentiation between regions are 
applied to knowledge clusters identified by a self-organising map to show the 
structure of published psychiatric evidence and its relationship to non-psychiatric 
medical domains. 
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1. Introduction 

Modern medical curricula are almost exclusively developed using consensus methods 

like the Delphi technique, which are prone to biases which have adversely affected 

women and other groups in various ways [1,2]. A severe lack of readily accessible and 

objective evidence on which to base curriculum development decisions has contributed 

to the problem. Visualisations of the published medical literature based on health 

informatics and cartographic techniques are an underutilised source of objective 

evidence about medical knowledge that may be capable of reducing bias. 
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With the exponential increase in the production of scientific knowledge, a paradigm 

for understanding and describing universal and domain-specific mechanisms of scientific 

research and progress known as the Science of Science (SciSci) has recently emerged 

[3], which Skupin and colleagues extended using cartographic techniques to improve 

concision and intelligibility. Core to their approach are self-organising maps (SOMs), a 

method for mapping scientific knowledge that can project high dimensional datasets onto 

2-D maps while retaining many of the topographical features of the original space [4-6]. 

Biuk-Aghai and colleagues show the versatility of Skupin's cartographic approach by 

visualising the distribution of author counts across multiple Wikipedia language editions 

[7]. 

 One of the key problems of medical curriculum development is defining the 

boundaries between specialist medical domains such as internal medicine, surgery, and 

psychiatry; and then deciding on the relative priority to be given to each in any given 

training program. In order to demonstrate that it is feasible to produce a SciSci map that 

could address this issue, the current research aimed to develop a SOM of the structure 

and boundaries of psychiatric knowledge within the map of broader medical knowledge 

represented by the published peer reviewed medical literature. The map was designed to 

be an objective source of evidence suitable for guiding the construction of psychiatric 

and general medical curricula, capable of acting as a backdrop of well-established 

knowledge against which emerging topics can be contrasted and understood in their full 

context. 

2. Methods 

We downloaded complete sets of the MEDLINE and MeSH databases on 01.01.21 

https://www.nlm.nih.gov/databases/download/pubmed_medline.html. The large dataset 
necessitated the use of sparse matrix representation of article data. We applied Kohonen's 

batch SOM algorithm, which is computationally less intensive than the original 

algorithm [5]. In the absence of standard methods, we experimented with different SOM 

sizes, starting with the 275 x 275 SOM used by Skupin et al [4] for their much smaller 

dataset, looking for a plateau of topographic error to guide the final size. 

 After training the SOM, we applied neuron label clustering in which the weights 

used to transform inputs into each node/neuron of the trained SOM are ranked, and the 

largest weight defines the term dominance for that node. Adjacent nodes with the same 

term dominance were clustered [4,6]. Clusters were tagged as psychiatric if they included 

a MeSH with a psychiatric code (all codes starting with an F; for example, the MeSH 

"Affective Disorders, Psychotic" is coded F03.700.150). The open source platform QGIS 

was used to create maps using color to differentiate psychiatric and non-psychiatric 

clusters. 

3. Results 

Our SOM included data from 33,375,863 MEDLINE articles and 29,917 distinct MeSH 

codes. We used a 350 x 350 node SOM after topographic error plateaued at 0.264 at this 

size. Figure 1 shows all term dominance clusters differentiating between those with (with 

a red font) and those without a psychiatric tag (black font).  
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Figure 1. Psychiatric (black) and non-psychiatric (red) term dominance clusters (high quality image available 

at: https://raw.githubusercontent.com/AndrewAmosJCU/PsychSOM/main/ColorCoded.png). 

Figure 2 expands the area of the map around the term dominance cluster "Geriatric 

Psychiatry", showing the association between psychiatric and medical knowledge in 

related areas is retained in the visualisation of the SOM. The embedding of the 

psychiatric MeSH Geriatric Psychiatry within a complex of medical MeSH is consistent 

with the reality of geriatric psychiatry, which combines both psychiatric and medical 

care and is often considered closely related to consultation liaison psychiatry for that 

reason.  

The psychiatric MeSH surrounding Affective Symptoms (not shown due to space 

constraints) include behavioural concepts such as Sick Role, related diagnostic groupings 

including Depression and Panic Disorder; related physiological states such as Anger and 

Fear; and predisposing factors such as Antisocial Personality Disorder, Stereotyping, 

and Anxiety, Castration. These psychiatric concepts are closely aligned with relevant 

medical concepts including treatment options Benzodiazepines and Anticonvulsants, 

with symptoms or side effects such as Fatigue and Bronchoconstriction. 
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Figure 2. Focus on term dominance clusters around Geriatric Psychiatry. 

While most of the contiguous MeSH can be readily conceptually linked in 

meaningful ways, some of the associations require more consideration. For example, the 

apposition of Enuresis to a region including Fear, Depression, and Antisocial 

Personality Disorder can be explained by the near neighbouring concept of Anxiety, 

Castration, which suggests the psychoanalytic link between castration anxiety and bed-

wetting. 

4. Discussion 

The results show it is possible to generate a map that summarises the entire set of articles 

indexed by the MEDLINE database in term dominance clusters that differentiate 

between psychiatric and non-psychiatric literature. For the purposes of curriculum 

development, the global perspective of a map derived from the most objective set of data 

available is less likely to be affected by systematic bias than the judgments of individual 

experts, or even of groups of experts from within a medical specialty or sub-specialty. 

Applying cartographic techniques to SOMs provides a concise visual summary of 

all available peer reviewed medical evidence that can help experts understand the 

structure and boundaries of their own domains of expertise, and their place within the 

broader context of all medical knowledge. In addition to the intrinsic value of an 

objective standard against which to measure existing curricula, this will facilitate the 

identification of curricular gaps and proposed changes to address gaps or incorporate 

new knowledge. Future research could use this comprehensive SOM as a baseline on 

which to project more specific data, such as emerging topics of increasing medical 

research activity.   

 While our research has limitations characteristic of exploratory research, including 

using trial and error to select the size of network [4]; and accepting that the convergence 

properties of SOMs are not well characterised [8] we have mitigated the worst associated 

problems by grounding our decisions on past research and relying upon relevant quality 

measures such as topographic error where indicated [9]. 
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5. Conclusions 

A cartographically informed approach to SOM visualisation makes objective evidence 

about the structure and relationships of medical knowledge available in a condensed but 

readily intelligible form. As an input into medical curriculum development, it has the 

potential to reduce historical biases that have disadvantaged women and other groups by 

providing a comprehensible view of the entire scope of medical knowledge. 
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