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ABSTRACT 

Functional magnetic resonance imaging (fMRI) has become a valuable tool for investigating brain 

function in both human and nonhuman primates. This comparative approach allows researchers to 

gain insights into the similarities and differences in neural processing, cognitive abilities, and 

functional brain networks between species. In this paper, we argue that advances in MRI technology 

have made it possible to directly study brain responses in a wide range of animals, including 

macaques, allowing us to answer questions about sociality, bond formation, and the evolution of 

cooperation that were previously unanswerable in the field. 
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I. INTRODUCTION 

Functional magnetic resonance imaging (fMRI) is a neuroimaging technique that enables the 

noninvasive measurement of brain activity by detecting changes in blood oxygenation levels. It has 

revolutionized the field of neuroscience and has become a widely used method for studying brain 

function in humans and other animals. 

The underlying principle of fMRI is based on the relationship between neural activity, energy 

consumption, and blood flow. When a specific brain region becomes active, it requires more 

oxygenated blood to meet its metabolic demands. This increased blood flow is accompanied by 

changes in the concentration of oxygenated and deoxygenated hemoglobin in the blood. fMRI takes 

advantage of the fact that oxygenated and deoxygenated hemoglobin have different magnetic 

properties. 

During an fMRI scan, the subject lies inside a powerful magnetic resonance imaging (MRI) scanner. 

The scanner generates a strong magnetic field that aligns the magnetic moments of hydrogen atoms in 

the body. Radiofrequency pulses are then applied, causing the hydrogen atoms to emit detectable 

signals. The scanner uses gradient magnets to spatially encode the signals, producing high-resolution 

images of the brain. 

To measure brain activity, fMRI utilizes a technique called Blood Oxygenation Level-Dependent 

(BOLD) contrast. The BOLD signal is sensitive to the differences in magnetic properties between 

oxygenated and deoxygenated hemoglobin. When neural activity increases in a specific brain region, 

it triggers a complex cascade of events known as neurovascular coupling. This results in an increase 

in regional cerebral blood flow, which brings more oxygenated hemoglobin to the active area. As a 

result, the BOLD signal increases in that region. 

To capture the BOLD signal, fMRI scans acquire a series of images over time, known as volumes or 

time points. These images represent different slices of the brain and are acquired repeatedly during a 

task or at rest. By analyzing the temporal pattern of BOLD signal changes, researchers can infer the 

timing and location of neural activity associated with specific cognitive processes or experimental 

conditions. 

The acquired fMRI data undergoes several preprocessing steps, such as motion correction to correct 

for subject movement, spatial normalization to align the brain images across subjects, and spatial 

smoothing to enhance the signal-to-noise ratio. Statistical analysis techniques, such as general linear 

models, are then applied to identify brain regions that exhibit significant task-related activity. 
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fMRI has numerous applications in cognitive neuroscience, clinical research, and psychology. It has 

provided insights into brain functions, including perception, attention, memory, language processing, 

and decision-making. It has also been used to study neurological and psychiatric disorders, investigate 

the effects of pharmacological interventions, and explore brain plasticity and development. 

While fMRI has greatly advanced our understanding of the brain, it also has certain limitations. The 

BOLD signal is an indirect measure of neural activity, and the interpretation of fMRI results requires 

careful consideration of confounding factors, such as physiological noise and subject variability. 

Additionally, fMRI has limited temporal resolution due to the sluggishness of the hemodynamic 

response, making it less suitable for studying rapid cognitive processes. 

Overall, fMRI has significantly contributed to our understanding of the human brain, allowing 

researchers to map brain activity, investigate cognitive processes, and explore the neural basis of 

various behaviors and disorders. 

II. SIMILARITIES AND DIFFERENCES 

Comparative studies between human and nonhuman primates involve investigating similarities and 

differences in various aspects of biology, behavior, cognition, and brain function. These studies 

contribute to our understanding of both species and provide insights into the evolutionary and 

functional dimensions of the brain. Here are some key areas of comparative research: 

Brain Anatomy and Structure 

Comparative studies examine the anatomical similarities and differences in brain structures between 

humans and nonhuman primates. This includes investigating the size, shape, and organization of brain 

regions, as well as the connectivity patterns within neural circuits. By comparing brain anatomy, 

researchers can identify shared features and evolutionary adaptations that have shaped the primate 

brain. 

Neural Development and Plasticity 

Comparative studies explore the processes of brain development and plasticity in both humans and 

nonhuman primates. This includes examining prenatal and postnatal brain growth, the formation of 

neural connections, and the influence of environmental factors on brain development. Comparative 

research sheds light on the shared principles of neural development and the unique aspects that 

contribute to human brain plasticity. 

Cognitive Abilities and Behaviors 

Comparative studies investigate cognitive abilities and behaviors across human and nonhuman 

primates. This includes studying aspects such as perception, attention, memory, problem-solving, 

communication, social behavior, and tool use. By comparing cognitive processes and behavioral 

repertoires, researchers can identify similarities, differences, and potential evolutionary trajectories in 

these domains. 

Language and Communication 

Comparative studies explore the foundations of language and communication by examining 

vocalizations, gestures, and other forms of social communication in humans and nonhuman primates. 

Researchers investigate the similarities and differences in the underlying cognitive and neural 

mechanisms involved in communication across species, shedding light on the evolutionary origins of 

human language. 

Neural Processing and Cognitive Functions 

Comparative studies in neuroscience investigate neural processing and cognitive functions in both 

humans and nonhuman primates. This involves using techniques such as functional neuroimaging 

(e.g., fMRI) to study brain activity during various cognitive tasks. By comparing neural responses and 

functional connectivity patterns, researchers gain insights into the shared and distinct neural 

mechanisms underlying cognition in different primate species. 

Neurological and Psychiatric Disorders 

Comparative research plays a role in understanding neurological and psychiatric disorders. By 

studying naturally occurring disorders or using animal models, researchers can investigate the 

underlying neural mechanisms, symptomatology, and potential treatments. Comparative studies 

provide opportunities to identify shared disease processes and test interventions before clinical trials 

in humans. 
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Comparative studies in human and nonhuman primates offer a unique and valuable perspective on the 

evolutionary, cognitive, and neural aspects of our species. They contribute to a broader understanding 

of primate biology, brain function, and behavior, with implications for human health, cognitive 

science, and evolutionary biology. 

III. FUNCTIONAL BRAIN NETWORKS IN HUMANS AND NONHUMAN PRIMATES 

functional brain networks in humans and nonhuman primates involves examining the similarities and 

differences in the organization and connectivity patterns of brain regions during rest or during specific 

cognitive tasks. Here are some key aspects of comparative analysis in this area: 

Resting-State Networks 

RSNs represent the synchronized activity among different brain regions when an individual is not 

engaged in a specific task. Comparative analysis helps identify common RSNs, such as the default 

mode network (DMN), as well as species-specific networks that may reflect differences in brain 

function and cognition. 

Task-Related Networks 

By comparing task-related networks, researchers can identify shared functional networks involved in 

processes such as attention, memory, language, and sensory processing. Differences in network 

organization and recruitment may reveal species-specific cognitive abilities or task strategies 

Network Topology 

This involves assessing measures such as network efficiency, modularity, and small-worldness. 

Comparing network properties can reveal common principles of network organization across species, 

as well as differences that may reflect species-specific adaptations and constraints 

Network Dynamics 

the dynamic properties of functional brain networks, including their temporal dynamics and flexibility 

in response to changing cognitive demands. Analyzing network dynamics can provide insights into 

the adaptive capacity of brain networks and how they support different cognitive processes. 

Comparative analysis helps identify shared dynamic patterns and potential differences in the temporal 

characteristics of functional networks. 

Connectivity Patterns 

This includes investigating the strength, directionality, and hierarchical organization of connections. 

Comparing connectivity patterns can reveal similarities and differences in the integration and 

segregation of information across species. 

Methodological Considerations 

This includes accounting for species-specific differences in brain size, cortical folding patterns, and 

imaging techniques used for data acquisition and analysis. Developing appropriate analysis methods 

and statistical approaches that can account for these differences is crucial for accurate comparative 

analysis. 

By conducting comparative analysis of functional brain networks in humans and nonhuman primates, 

researchers gain insights into the evolution, functional organization, and species-specific adaptations 

of the primate brain. These studies contribute to our understanding of the neural basis of cognition, 

provide a foundation for translational research, and help elucidate the shared and distinct features of 

human and nonhuman primate brain function. 

IV. fMRIOF HUMAN AND NONHUMAN PRIMATES 

Comparative fMRI brain scan investigations between humans and nonhuman animals include 

exposing the individuals to the same collection of pictures. The time history of viewing-related fMRI 

activity in humans is extracted from "seed" regions and correlated with the fMRI signal in NHP or 

vice versa, with a correction applied to account for interspecific differences in vascular 

hemodynamics. By applying statistical thresholding to the images of both species, we can observe 

regions that are stimulated and possibly homologous with the targeted seed site in the other species 

(Fig. 1). The visual system, auditory system, and motor system of primates, especially macaques, 

have all been studied using fMRI. 
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Figure 1 Humans and monkeys watch the same film as their brains are scanned with fMRI 

The difficulty in training monkeys and apes to stay quiet when placed in the restraining devices 

necessary to minimize movement during scanning is a significant barrier to fMRI investigations using 

nonhuman primates. 

V. CONCLUSION 

Understanding aggressive and cooperative relationships requires further study of the brains of 

nonhuman primates. When studying the effects of variations in age, sex, and species on brain 

development, social experience, and neurohormones on behavior and cognitive functions, noninvasive 

imaging technologies like fMRI are a significant research tool for field primatologists. In conclusion, 

functional MRI has proven to be a powerful tool for investigating brain function in both human and 

nonhuman primates. Comparative studies provide a comprehensive understanding of the neural 

underpinnings of human cognition, behavior, and brain disorders. By examining similarities and 

differences between species, researchers can uncover fundamental principles of brain function, 

identify species-specific adaptations, and bridge the gap between basic neuroscience research and 

clinical applications. 
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