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Editorial on the Research Topic
 Machine learning methods for human brain imaging




The use of artificial intelligence (AI) methods like machine learning (ML), including deep learning, to make sense of brain imaging data has exploded over the past 10 years. Some of the early work focused on classifying brain states measured with functional magnetic resonance imaging (Mitchell et al., 2004). Those studies were exciting and demonstrated the potential power of ML to classify brain states in a way that reveals something about human cognition. ML is used in multiple aspects of brain imaging including image acquisition, reconstruction, analysis, and reporting (Aggarwal et al., 2023). For example, there are numerous studies using ML to classify groups of patients to improve diagnosis of neurodevelopmental disorders (e.g., autism, Parlett-Pelleriti et al., 2022), psychological disorders (e.g., schizophrenia, Chilla et al., 2022; and depression, Bhadra and Kumar, 2022), the progression of dementia (Mirzaei and Adeli, 2022) and tumors (Soomro et al., 2022), among others. On the image analysis side, ML applications are numerous and include it being used to improve denoising of image data (Gregory et al., 2021) and image segmentation (Wang et al., 2020).

The Research Topic, “Machine learning methods for human brain imaging,” is a small sampling of 11 research articles that demonstrate the use of ML in multiple contexts and with multiple imaging modalities. The Research Topic includes two manuscripts (Alchihabi et al.; Fang et al.) that take different approaches to understanding cognitive networks—one using multi-variate pattern dependencies between brain regions and another examining network dynamics during the execution of a task. There are also three studies designed to use AI to diagnose psychological disorders—one using MRI to diagnosis defiant disorders in children (Menon and Krishnamurthy), one using EEG to classify brain states in schizophrenia patients and healthy controls (Plechawska-Wójcik et al.) and another classifying patients with obsessive-compulsive disorder and controls (Luo et al.). A third group of studies use ML to address analytic issues including one developing an open access tool for whole brain segmentation (Manjón et al.) and volumetric analysis of large datasets, one using fuzzy neural networks to improve 2D to 3D image transformations (Tavoosi et al.), and registration of multimodal 2D coronal section images of gene expressions in the mouse brain (Krepl et al.).

One goal of AI is to create systems that function like the human brain (Hopgood, 2005). Current systems fall short and two of the manuscripts in this Research Topic attempt to address this issue (Matsui et al.; Zhang et al.). Deep learning systems, for example do a great job of mimicking human vision, to a point; their mapping from stimulus input to perceptual output are different with respect to adversarial images. Zhang et al. attempts to characterize the differences in how AI systems and human brains process these adversarial images by comparing artificial neural networks and human brain activation, using what is learned to improve AI performance.

The use of ML in human brain imaging is only expected to increase. The power of deep learning methods makes them attractive for analyzing the growing number of large, publicly available datasets. However, it is important to slow down to evaluate their efficacy as well as to evaluate their weaknesses. One such weakness is addressed in the manuscript by Varotto et al.—how to handle imbalanced datasets. Most large datasets do not have even distributions of minority populations (e.g., racial, socioeconomic, patient, etc.). This is only one such shortcoming that demonstrates the need for careful evaluation.
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