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The ‘‘father of skyscrapers’’ and ‘‘father of modernist architecture’’ Louis Henry

Sullivan (1856–1924) wrote that ‘‘[a]ll things in nature have a shape, … a form, an

outward semblance, that tells us what they are, that distinguishes them from

ourselves and from each other,’’ adding ‘‘Form follows from function.’’ But

structure shapes function too.

The biological world offers a myriad of examples where this is apparent. One

such example, perhaps not the most intuitive, is the brain: a network with a complex

architecture made of billions of neurons connected by trillions of synapses that

shape such functions as movement, perception, imagination, volition, emotion,

reasoning, and so on. Olaf Sporns’s Discovering the Human Connectome is an

enthusiastic and honest journey through the forms, structures, and network

architecture that can ground our understanding of how brains work, and how they

produce cognition and behavior.

In his previous book, Networks of the Brain, Sporns documented the encounter

between two worlds: the world of network science and the world of the brain

sciences. He explored the nature, aims, and scope of network neuroscience, which is

one of the most exciting, new research programs in cognitive science (Colombo

2013a). In Discovering the Human Connectome, Sporns builds on the terrain covered

in Networks of the Brain and zooms in on the connectome and connectomics.

Sporns, a pioneer in the field of network neuroscience, was one the first along

with Rolf Kötter and Giulio Tononi, but also Patric Hagmann to define and use the

term ‘‘connectome’’ in 2005 (Sporns et al. 2005). A connectome is a comprehensive

map of neural connections in the brain. Connectomics is the interdisciplinary project

of drawing on the connectome in order to account for the brain’s workings as well as

for the behavior it generates.
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The specific questions addressed by Discovering the Human Connectome

include: ‘‘What is the nature of the human connectome? Why is it important to

pursue the connectome as a high-priority scientific goal, and what will the

connectome tell us once we have discovered it? What are the most compelling

empirical strategies for mapping the connectome, and how can we make sense of the

extraordinary amount of data they will deliver? What is the future promise and,

equally important, what are the limitations of connectomics in neuroscience?’’ (p.

x). These questions, which receive answers over the eight chapters that the book

comprises, should be of interest not only to neuroscientists, but to philosophers,

psychologists, psychiatrists, biologists, and even to policy-makers.

Chapter 1 gains a broader perspective on the connectome. It examines the role of

structure for understanding function in biological systems—one of the core topics of

the book. It breezes through the notions of complexity, ‘‘hypothesis-driven’’ versus

‘‘data-driven’’ investigation, and it lays down the main conceptual apparatus of

network science, within which the connectome project is properly understood. The

chapter does a good job in introducing the reader to the biological and conceptual

foundations of the connectome, with an uncomplicated and yet rigorous style.

Chapter 2 expands on the question ‘‘What is the human connectome?’’ It

discusses the origins and motivations of connectomics. It reviews some of the early

work, explaining how the field has emerged and expanded. One of the milestones of

connectomics was the complete mapping of the neural connectivity of the

roundworm Caenorhabditis elegans in the 1980s (White et al. 1986). The rationale

for an endeavour of this sort was that the functional properties of the nervous system

are at least constrained by the properties of its multiscale structural components and

connections between these components. A comparison with genomics—the project

of mapping the whole genome so as to determine the entire DNA sequence of

different organisms—illuminates three important aspects of the connectome. First,

the emphasis is on structural connectivity, which can furnish ‘‘an objectively

verifiable and invariant foundation for brain function’’ (p. 33). Second, the

connectome is a description that needs to be meaningful and usable. This

description should identify the components and connections that serve as building

blocks of brain architecture. And this description should be compact in order to be

usable—recall ‘‘On Exactitude in Science,’’ by Jorge Luis Borges, where the story is

told of the ‘‘Map of the Empire whose size was that of the Empire.’’ Finally, the

connectome is a description of a network, which makes the concepts and

mathematics of graphs and network theory especially congenial to connectomics.

Sporns is enthusiastic but he never overstates the case for connectomics. He

highlights the theoretical and practical pay-offs that connectomics could afford, but

he also acknowledges the issues, some of which are serious indeed. Chapter 3

discusses three challenges for connectomics. The first is the multiscale architecture

of the human brain: How should network components be identified at different

spatial scales? If network components are relatively easy to identify at the

microscale of individual neurons, it is less obvious to identify proper network

components at the subcellular scale, and it is yet more problematic at larger scales.

The second is the individual variability of structural connectivity: How should the

connectomes of two individuals be compared against each other at a given time? No
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two human brains are alike. Variability is found at all structural scales; nonetheless,

this variability does not dramatically impact the stability of different functional

roles. Explaining such functional homeostasis in the face of structural variability,

while relating such a variability to genetics and behavior, is one of the most

important outstanding issues for future work. The third challenge is the brain’s

ongoing structural remodeling and plasticity: How should the connectome of the

same individual be compared against itself at two different points in time? Although

brains undergo continuous change, their functional repertoire is not in the same

constant flux. Another task for connectomics is to uncover the invariants in the

topology of the brain, which could serve as the basis for functional robustness over

time.

These three challenges depend on the brain being a complex, dynamic,

hierarchical network. Sporns elaborates on this fact, lucidly recognizes where the

problems lie, and which paths may be taken to tackle them. Animating Sporns’s

approach is a kind of pluralism: there is no privileged problem-solving method, or a

single empirical strategy proprietary of connectomics. Progress in mapping the

connectome will be made by drawing upon multiple theoretical, methodological and

technological approaches.

Since the 1980s, the project of mapping the connections of the human brain in

their entirety has in fact captured the imagination of researchers across several

disciplines. It has also attracted big funding. In April 2013, U. S. President Obama

announced the multi-million dollar BRAIN Initiative—short for Brain Research

through Advancing Innovative Neurotechnologies—which aims ‘‘at developing new

technologies that will help researchers produce real-time pictures of complex neural

circuits and visualize the rapid-fire interactions of cells that occur at the speed of

thought.’’ Chapters 4 and 5 of Discovering the Human Connectome survey current

methods, from electron microscopy to magnetic resonance imaging, deployed to

map brain connectivity. These chapters nicely illustrate the kind of pluralism I

mentioned above. Each technique, Sporns explains, is fit to answer questions at

particular spatial and temporal granularity but not others; given a research question,

each empirical strategy has advantages but also drawbacks with respect to available

alternatives. The goal is ‘‘methodological cross-validation and convergence onto a

common description of brain connectivity’’ (p. 107).

Chapter 6 focuses on functional connectomics, which ‘‘reflect network dynamics

unfolding within or emerging from the connectome’s structural substrate’’ (p. 112).

The aim of functional connectomics is to link structural connectivity with the

statistics of neural activity over time. Patterns of network dynamics are induced not

only by local perturbations and external stimuli, but arise also spontaneously when

we are not apparently engaged in any task. The chapter emphasises that the

connectome is more than a wiring diagram. Structure and dynamics form a tangled

skein: the ‘‘dialogue between structure and dynamics is a central feature of many

complex networks whose connectivity evolves through time, subject to multiple

sources of selection pressure and adaptation’’ (p. 132).

I found Chapters 7 and 8 the richest. They discuss the bearing of the connectome

on our computational understanding of the neural system. Chapter 7 puts into focus

what connectomics has revealed about the topological principles underlying brain
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networks. There are several exciting themes intertwined here. Two are the

distinction between functional segregation and functional integration, and the notion

of optimality, which have accompanied Sporns in the last 20 years or so of his

research (Tononi et al. 1994). The small-world, hierarchical, modular, architecture

of the brain network appears to optimally accommodate the dialectic between

functional segregation and integration. More generally, topological features such as

modularity can constitute the basis of a more productive research program on how

the human cognitive architecture generates intelligent, adaptive behavior (Colombo

2013b).

Chapter 8 examines the multiple, essential roles of informatics and computation

in drawing the connectome as well as in building large-scale models of the brain,

and in developing reliable ontologies for cognition. All these projects are exciting;

they promise to significantly advance our understanding of the relation between

structure and cognitive function and to yield important practical applications related

to diagnosis and treatment of mental disorder. They involve technical as well as

conceptual challenges too, which should be faced in the years to come. Sporns

concludes that ‘‘connectomics, or ‘network neuroscience,’ will not only provide

deep insights into how the human brain is organized but also allow us to ask new

questions about how brain structure gives rise to brain function’’ (p. 179).

Anybody curious about the cutting edge of cognitive science will enjoy Sporns’s

book. Discovering the Human Connectome is clear, wide-ranging, intellectually

serious, and often thought-provoking. It introduces readers to aspects of brain and

cognition that are either newly important, or whose importance has only recently

become clear.
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