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SCIENTIFICOPINION

by Prof. Juliana Yordanova, MD, PhD
Institute of Neurobiology, Bulgarian Academy of Sciences
Scientific Division “Psychophysiology”

in connection with the procedure for awarding the educational and scientific degree “Doctor”
to Dr. Rositsa Kamenova Paunova,
a full-time PhD student at the Department of Psychiatry and Medical Psychology,
Faculty of Medicine, Medical University of Plovdiv,
for the development of the dissertation entitled
“Investigation of Novel Methods in Psychiatric Neuroimaging Based on Atrtificial
Intelligence”
supervised by Prof. Drozdstoy Stoyanov, MD, DMSc,
under the doctoral program “Psychiatry.”

The presented dissertation addresses a problem of exceptional importance for the development
of new clinical disciplines, particularly translational medicine and translational psychiatry. The
research builds upon a key unresolved issue in diagnostic psychiatric practice, primarily
concerning the socially significant disorders schizophrenia and depression. Since the
etiopathogenesis of these disorders remains unclear, the widely used diagnostic systems such
as ICD-10 and DSM-5 are based mainly on the observation of symptoms. The characteristic
comorbidities and overlapping depressive symptomatology seriously complicate both
differential diagnosis and therapeutic decision-making.

The theoretical framework of the dissertation competently and convincingly identifies the
resulting “crisis” in contemporary psychiatry and outlines modern perspectives for improving
diagnostic reliability. Demonstrating a high level of awareness of advances in modern
neuroscience, information technology, and translational medicine, the doctoral candidate
focuses on novel solutions grounded in the introduction of biological markers into the
diagnostic process. With a forward-looking perspective, the dissertation highlights the
importance of identifying reliable biomarkers and developing validated paradigms and practical
protocols for their integral implementation in the differential diagnosis and individualized
therapy of schizophrenia and depression. In this context, the theoretical significance of the
dissertation lies in its engagement with a fundamental, yet unresolved problem of medical
science. Secondly, it proposes new multidisciplinary approaches and paradigms for addressing
it. Finally, the subject developed in the dissertation carries enormous potential to optimize and
even revolutionize psychiatric practice. In summary, the problem under investigation is
critically significant from both a theoretical-scientific and an applied—scientific perspective.

The literature review of the dissertation presents a comprehensive and in-depth analysis of the
current state of research on the topic. It systematically examines theories concerning the origin
of mental disorders, the validity of translational approaches, the existing psychometric scales
for assessment and self-assessment, the established definitions, and the applications of
biomarkers. From a forward-looking perspective, the dissertation discusses modern
technologies for the objective registration of brain activity, with special emphasis on
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neuroimaging via magnetic resonance imaging (MRI), the concepts of brain connectivity, and
the cutting-edge information methods of machine learning involving the interactive integration
of artificial intelligence. The structured and coherent exposition convincingly builds the
theoretical framework of the dissertation, namely: the integration of novel approaches within
the context of translational medicine creates the potential to bridge the gap between
fundamental neuroscience discoveries and clinical practice; by combining clinical evaluation,
functional neuroimaging, and machine learning, it becomes possible to achieve a more precise
understanding of the brain mechanisms underlying psychiatric disorders and to develop
individualized diagnostic and therapeutic strategies. All sections of the literature review are
directly aligned with the aims of the dissertation and are developed with remarkable
professionalism, competence, and clarity.

The aim of the dissertation—to develop, apply, and validate new analytical approaches in
psychiatric neuroimaging based on artificial intelligence—is formulated appropriately in
relation to the central problem outlined within translational psychiatry. The multidimensional
and multidisciplinary character of this aim is correctly reflected in a set of specific, well-
targeted objectives. These objectives are focused on (a) the introduction of an experimental
paradigm involving the Paranoid—Depressive Scale during fMRI recordings; (b) the assessment
of translational validity between self-assessment psychometric tools and brain activation
models; (c) the identification of connectivity patterns through the analysis of specific neural
networks calculated via independent component analysis (ICA) in the resting state; (d) the
employment of multivariate linear models (MLM) to integrate structural and functional MRI
indicators with clinical and psychometric data; (€) the construction of biomarker profiles and
identification of integrated trans-diagnostic profiles in schizophrenia, depression, bipolar
disorder, and healthy controls; and (f) the evaluation of the diagnostic and predictive value of
biomarkers extracted through Al algorithms, in comparison with established clinical and
psychometric measures. Both the general aim and the specific objectives are clearly formulated
and well substantiated.

The methodology employed is not only fully adequate to the stated aims and objectives, but
also represents an avant-garde application of the most advanced conceptual and methodological
developments in contemporary medicine, through the integration of multidisciplinary methods
from neuroscience, translational medicine, and neuroinformatics. The experimental groups—
patients with depression, schizophrenia, bipolar disorder, and healthy controls—are carefully
characterized using precise clinical and psychometric instruments. The selection of participants
for the three separate experiments is well-justified and validated by robust statistical
comparisons. The inclusion and exclusion criteria, critical in clinical research, have been strictly
observed. The diagnostic instruments used to evaluate current depressive or psychotic episodes,
to objectify the severity of depressive symptomatology, and to assess positive, negative, and
general psychopathological symptoms are appropriately selected. The MRI/fMRI acquisition
technology meets the highest contemporary standards. The experimental conditions—resting
state and emotional—cognitive activation—are properly designed. Particularly impressive is the
innovative use of the Paranoid—Depressive paradigm in fMRI research, where for the first time



objective activation patterns are recorded during the processing of depression-specific,
paranoia-specific, and diagnostically neutral statements.

From a methodological standpoint, the dissertation demonstrates remarkable analytical
sophistication, employing machine-learning-based methods, namely (1) multivariate linear
model (MLM) for capturing information within relevant signals as well as additional
contextual, experimental, or behavioral data; (2) mass multivariate linear model (Mass MLM)
allowing the simultaneous evaluation of multiple variables and predictors; and (3) group
independent component analysis (Group ICA) for identifying functional brain networks. The
sample sizes for each experiment are consistent with current scientific standards, taking into
account the specificity and homogeneity of the clinical groups, thereby ensuring adequate
statistical power. The results of the conducted experiments are clearly and systematically
presented. The material is well structured, with informative tables and figures.

The main findings reveal a series of novel neurophysiological phenomena, the most significant
of which include (1) the identification of a stable and replicable activation profile in patients
with depression and schizophrenia, comprising three regionally and functionally specific
components uniquely associated with depressive and paranoid stimuli, demonstrating high
classification accuracy; (2) the determination of brain regions with the strongest discriminative
diagnostic weight; (3) the discovery of five types of neural networks with discriminative
diagnostic significance; and (4) the verification of a “bottom-up” analytical strategy as an
alternative to the classical symptom-based approach in psychiatry. Overall, these findings
demonstrate that multivariate models enable reliable differentiation between the psychiatric
nosologies of schizophrenia and depression through the regional specificity of shared
pathophysiological mechanisms and the identification of functional networks selectively
specific to depressive and schizophrenic symptomatology. Critically, the results provide
convincing neurophysiologic evidence that schizophrenia and depression are not homogeneous
clinical entities but rather neurobiologically heterogeneous conditions.

The main scientific contributions are structured as original, methodological, applied-scientific,
and practical-applied. All contributions are well-grounded, clearly formulated, and represent
significant progress in the field. The most important can be summarized as follows. (1) An
innovative translational methodology has been developed for integrating clinical self-
assessment instruments with fMRI technology, enabling more precise and biologically
informed psychiatric evaluation. (2) A new conceptual framework has been proposed for the
use of self-assessment scales as stimulus material during simultaneous neuroimaging, allowing
for the identification of objective neurophysiological correlates of subjective clinical context.
(3) Neuroimaging markers with high differential diagnostic value have been introduced,
suitable for future diagnostic algorithms and predictive screening models. (4) A novel
information—technological toolkit has been developed for clinical stratification of psychiatric
patients through machine learning of biomarker databases. (5) A real analytical model has been
created for the application of Al algorithms in clinical practice, enabling individualized
diagnosis of patients with schizophrenia and depression. These achievements provide a
foundation for the multidisciplinary application of the developed models in clinical diagnostics,



scientific research, educational programs, and the development of future digital tools for mental
health.

The dissertation of Rositsa Paunova is based on four publications on the topic, published in
peer-reviewed international journals with impact factor, one of which lists her as first author,
as well as three conference presentations. The dissertation, written in Bulgarian, spans 101
pages and includes supporting figures, tables, and an extensive bibliography of 256 references.

Conclusion: The overall impression of Rositsa Paunova’s dissertation is excellent. The work is
well organized, presented with high professionalism, and demonstrates outstanding command
of the specific terminology and discourse of the relevant scientific domains. Most importantly,
the doctoral candidate exhibits impressive expertise across multiple areas connected to the
multidisciplinarity of the dissertation—clinical psychiatry, fundamental neuroscience,
methodological and technological innovation, and mathematical-analytical modeling. The
relevance of the topic is beyond doubt, and the dissertation itself opens new perspectives for
both scientific inquiry and practical application. All these considerations give me full
confidence to recommend to the esteemed members of the Scientific Jury that Rositsa Paunova
be awarded the educational and scientific degree “Doctor.”
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