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Donald Olding Hebb’s lasting influence in psychology and neuroscience stems
largely from his influential book, The Organization of Behavior (Hebb 1949a) in which
he introduced the concepts of synaptic change and cell assemblies to explain the neural
events underlying behaviour. Hebb’s work revolutionized psychology by establishing a
biological basis for psychological phenomena and expounding a neuropsychological
theory which provided the structure for the development of the fields of cognitive and
behavioural neuroscience. His ultimate fame could not have been predicted from his
performance at Dalhousie University nor from his early career as a teacher. His career
as a psychologist began as a night school student in psychology at McGill University
in 1928. After completing his MA in psychology at McGill in 1932, he studied with Karl
Lashley at the University of Chicago completing his PhD with Lashley at Harvard in
1936. For the next two years he conducted neuropsychological tests on the patients
of Dr. Wilder Penfield at the Montreal Neurological Institute and from 1939 to 1942
was a professor at Queen’s University in Kingston, Ontario. He spent the next five
years studying emotionality in chimpanzees at the Yerkes Primate Center in Florida
where he began to write The Organization of Behavior. Hebb became a professor of
Psychology at McGill University in 1947 and head of his department in 1948 where he
completed his book and directed an internationally recognized graduate program in
physiological psychology. Elected President of the Canadian Psychological Association
in 1952 and the American Psychological Association in 1960 he also became a Fellow
of the Royal Societies of Canada and England. Late in his career, he was Vice Dean
of Biological Sciences (1964-66) and then Chancellor of McGill University (1970-74).
Upon retirement from McGill, he moved back to Nova Scotia and became a professor
emeritus at Dalhousie University from 1978 until his death in 1985. During this time he
wrote his last book, Essay on Mind (Hebb 1980a). He was inducted into the Canadian
Medical Hall of Fame in October 2003.

L'influence durable de Donald Olding Hebb dans les domaines de la psychologie
et de la neuroscience est en grande partie le résultat de son ouvrage prestigieux The
Organization of Behavior (1949) dans lequel il présente les concepts de modification
synaptique et de réseau neuronal pour expliquer les phénoménes neuronaux qui
sous-tendentle comportement. M. Hebb arévolutionné le domaine de la psychologie en
établissant une base biologique pour des phénomenes psychologiques et en expliquant
une théorie neuropsychologique qui a fourni la structure nécessaire au développement
des domaines de la neuroscience cognitive et comportementale. Sarenommée n’aurait
pu étre prédite a partir de sa performance a I'Université Dalhousie ou de son poste
d’enseignant au début de sa carriére. Sa carriére dans le domaine de la psychologie a
débuté lorsqu’il a commencé a suivre des cours du soir dans le domaine a I'Université
McGill en 1928. Aprés avoir obtenu une maitrise en psychologie a I'Université McGill
en 1932, il a étudié aux cotés de Karl Lashley a I'Université de Chicago pour finalement
obtenir un doctorat avec M. Lashley a I'Université Harvard en 1936. Au cours des deux
années suivantes, il a effectué des tests neuropsychologiques surles patients du docteur
Wilder Penfield a I'Institut neurologique de Montréal. De 1939 a 1942, il a été professeur
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a I'Université Queen'’s, a Kingston en Ontario. Il a passé les cinq années suivantes a
étudier les émotions chez le chimpanzé au Yerkes Primate Center en Floride. C’est
au cours de cette période qu’il a commencé a rédiger The Organization of Behavior.
M. Hebb a ensuite occupé un poste de professeur de psychologie a I'Université McGill
en 1947 et il a été nommé chef du département de psychologie en 1948, poste dans le
cadre duqueliladirigé un programme d’études supérieures de renommée internationale
en psychophysiologie. C’est a cette période qu’il a terminé son ouvrage prestigieux.
Elu président de la Société canadienne de psychologie en 1952 et de I'’American
Psychological Association en 1960, il a également été un Membre de la Société royale
du Canada et un membre de la Royal Society of England. Vers la fin de sa carriére, il a
occupé le poste de vice-doyen des sciences biologiques a I'Université McGill (de 1964
a 1966) puis de chancelier de cette méme université (de 1970 a 1974). Au moment de
sa retraite de I'Université McGill, M. Hebb est retourné en Nouvelle-Ecosse. Il a été
professeur émérite a I'Université Dalhousie de 1978 jusqu’a sa mort en 1985, période
durant laquelle il a rédigé son dernier ouvrage Essay on Mind (1980a). Il a été intronisé
au Temple de la renommée médicale canadienne en octobre 2003.

1. Hebb’s accomplishments

The accomplishments that made Donald Olding Hebb famous in psy-
chology in Canada and the rest of the world are of three types. First,
was his determination to demonstrate, in theory and by experiment, that
each type of behaviour studied by psychologists was the result of brain
function. In providing arguments for this proposition, Hebb developed a
theory that integrated data from many disparate areas of psychology into
a single neuropsychological theory. Second, Hebb created research areas
in psychology that had not existed before. These included the effects of
environmental enrichment and sensory deprivation on behaviour and the
idea of perceptual learning. His two most fundamental concepts, the ideas
of synaptic change and cell assemblies led to a physiological model of the
cognitive functions underlying motivation, emotion, thought and conscious-
ness. Third, through his teaching of undergraduate and graduate students
in the Psychology Department at McGill University, Hebb founded the areas
of Behavioural and Cognitive Neuroscience, which shaped the development
of psychology and neuroscience in Canada. Hebb’s ideas were promoted
by his students as they built laboratories in universities across Canada and
the world. Today the terms “Hebb synapse”, “Hebbian cell assembly” and
“Hebbian learning mechanism” are basic concepts, not only in psychology
and neuroscience, but also in physics and computer science, where they
are used in computer models of learning and memory.

2. Hebb’s family

Donald Olding Hebb was born into a family whose roots are as old as
British Nova Scotia. Much of what we know about his life comes from his
published autobiography (Hebb 1980b) and an unpublished autobiography
(Hebb 1980c). Hebb’s great-great-great grandfather, Johann Adam Heb
(1738-1803) emigrated to Nova Scotia from what is now Germany at the
age of 12 and settled in Lunenburg County in 1753 (Teal 1994). All of the
Hebbs in Nova Scotia are descended from Adam Heb. Hebb’s grandfather,
Solomon Hebb (1839-1935) was a millwright and his children were the first
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of the Hebbs to attend Dalhousie University. Hebb’s father, Arthur Morrison
Hebb (1872-1959) received a BA (1899) and an MD (1902). His brother,
Thomas Carlyle Hebb (1878-1938) received a BA (1900), MA (1901) and
BSc (1902) from Dalhousie and went on to receive a PhD in Physics from the
University of Chicago (1904). He taught Physics at the University of British
Columbia (UBC) from 1916 until his death in 1938. His sister, Bertha Boyd
Hebb (1869-1954) was the first woman from Lunenburg County to graduate
from Dalhousie University, receiving her BAin 1894 and MA in 1898. She
became a teacher and spent most of her career in South Africa.

Hebb’s mother, Mary Clara Olding (1870-1921) was descended from
Nicholas Purdue Olding (1751-1845), who was the first practising lawyer
in Pictou County and came to be known as “the father and grandfather of
the bar” (Olding 1976, Patterson 1955). She attended the Pictou Academy
and entered medical school at Dalhousie University in 1892, receiving an
MD in 1896. She was the third woman to receive an MD from Dalhousie
University (MacLeod 1990) and had a medical practice in Saint John, New
Brunswick, before marrying Arthur Morrison Hebb in 1903 and joining him
in his practice in Chester, Nova Scotia.

Donald Olding Hebb was born on 22 July 1904, the first of four children
(see Fig 1); he had two brothers, Andrew (1905-2005) and Peter (1909-
1955), and a sister, Catherine (1912-1978). All of the Hebb children went
on to pursue distinguished careers. Andrew received a BA (1925) and a
law degree (1927) from Dalhousie and became a journalist and then the
founding chief executive of the Co-operators Insurance Company. Peter
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Fig 1. Hebb and his siblings. Hebb’s family all received degrees from Dalhousie University
and went on to distinguished careers. From Gordon Hebb.
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received an MD (1934) from Dalhousie and was a physician in Dartmouth,
Nova Scotia. Catherine received a BA in Biology (1932) and an MA in
Pharmacology (1933) from Dalhousie and a PhD in Physiology from McGill
University (1937), where she studied the physiology of the digestive system
in the laboratory of Dr. Boris Babkin. She started teaching in the Department
of Physiology at the University of Edinburgh in 1938 and spent a year at the
physiological laboratory at Cambridge University (1945), where she began
her research on the biosynthesis of acetylcholine. In 1952 she joined the
Institute of Animal Physiology at Babraham, Cambridge, and continued to
work on acetylcholine until the end of her career (Silver 1993).

3. Hebb’s education in Nova Scotia

As his brother Andrew was ill as a child, they were both taught at home by
their mother, who was an advocate of the Montessori method (Hebb 1980b).
Donald was an avid reader and, after entering the Chester School in the
second grade at 8 years of age, he was rapidly promoted. He completed
grades 2, 3 and 4 in his first year at school and then grades 5 and 6 in
his next year and reached the ninth grade when only 12 years old (Hebb
1980b). School work came easily to him and, after winning a school spell-
ing competition in the seventh grade, he did little studying. As the result of
lax teaching and poor study habits, he, and most of his classmates, failed
grade eleven and had to repeat the year. In 1920, the family moved to
Dartmouth, Nova Scotia where Donald and Andrew completed grade 12 at
the Halifax County Academy. The first major crisis in his life occurred in July
1921, when his mother died of cancer, just before he and Andrew entered
Dalhousie University. Although his father wanted him to take math and
physics like his uncle, Thomas Carlyle Hebb, Donald entered the Faculty of
Arts and majored in English and philosophy, with the intention of becoming
a novelist (Hebb 1980b).

When Hebb was a student, psychology was taught in the Philosophy De-
partment at Dalhousie. A separate Psychology Department was not formed
until 1948. We do know, however, that Hebb was exposed to psychology in
two of his Philosophy classes: Philosophy 1 (Logic and Psychology) taught
by H.L. Stewart, and Philosophy 9 (Experimental Psychology), taught by
Norman J. Symons. During his last two years at Dalhousie, Hebb worked
on the Dalhousie Gazette student newspaper, in which he published a num-
ber of poems. He was also the historian of the class of 1925 (Hebb 1925).
After graduating, he took summer classes to obtain a teaching certificate
from the Provincial Normal School in Truro, Nova Scotia, and became the
principal of his old school in Chester.

4. Hebb as a teacher and graduate student in Montreal: 1926-34
After teaching in Chester for only one year, Hebb spent the summer of
1926 working as a laborer on a farm in Alberta, where it is thought that he
contracted tuberculosis. Hebb then moved to Montreal, where he became
a teacher in Verdun. During this time, he met Professor W.D. Tait, the
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Head of the Psychology Department at McGill, and attended Dr. Tait’s night
school class in psychology for teachers. From 1928 to 1930, Hebb taught
at Rushbrooke School in Verdun, and was a part-time graduate student in
psychology at McGill under the supervision of Professor Chester Kellogg.
During this time Hebb started his educational experiment. As a teacherand
principal, Hebb found that students of all intellectual abilities were failing in
school. He decided to change the school procedures to facilitate education
and persuade the children that schoolwork was a privilege. He gave the
students interesting things to do in class and no homework. Students were
not punished for inattention and those who disrupted the class were sent
outside to play. He described this experiment in a teacher’s journal (Hebb
1930) and continued with it for four years.

During the 1930-31 school year, Hebb was bedridden with tuberculosis of
the hip, which left him with a permanent limp. He convalesced at his father’s
home in Dartmouth, Nova Scotia, and met Isabel Clark, the daughter of
a Halifax clergyman, whom he married in 1931. While he was bedridden,
Hebb studied Sherrington’s Integrative Action of the Nervous System and
Pavlov's Conditioned Reflexes, and wrote a theoretical MA thesis (Hebb
1932). This thesis is of interest because it contains Hebb’s first thoughts on
the nature of synaptic activity during conditioning (Brown & Milner 2003).
It was passed by two examiners, Professor Kellogg of the Psychology De-
partment and Professor Boris P. Babkin of the Physiology Department at
McGill. Babkin had worked with Pavlov in St. Petersburg and held a Chair
in Physiology at Dalhousie (1924-28) before becoming a Research Profes-
sor in Physiology at McGill (Babkin 1942). After the completion of his MA
thesis, Hebb worked in Babkin’s laboratory, studying Pavlovian conditioning
with Leonid Andreyev who had also worked with Pavlov.

Hebb continued his teaching career while he was working on his PhD
at McGill, but 1933-34 was a terrible year for him and he decided to leave
Montreal. First, the Protestant School Board of Montreal terminated his
educational experiment (Hebb 1980b). This appears to have coincided with
the appointment of a new school inspector in Verdun. Second, he became
disillusioned with Pavlovian conditioning procedures and his graduate stud-
ies at McGill. Most of the faculty in Psychology were engaged in Educa-
tional Psychology and Intelligence Testing, whereas Hebb was becoming
increasingly interested in Physiological Psychology. Third, Hebb and his
wife were in a car accident near New Glasgow, Nova Scotia and she died
on his birthday in 1933 (Hebb 1980b).

5. PhD research with Karl Lashley: 1934-37

Following the advice of Professor Babkin, Hebb went to study at the
University of Chicago in July 1934 with Lashley, the world’s leading Physi-
ological Psychologist, who had just published an influential book on the
neural basis of intelligence (Lashley 1929). Lashley had been the president
of the American Psychological Association, and his presidential address
summarized the state of the art in the physiological study of behaviour
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(Lashley 1930). In Chicago, Hebb had classes with some of the foremost
Professors of Psychology in America. He took Physiological Psychology
from Karl Lashley, Psychological Testing from Forrest A. Kingsbury, Fac-
tor Analysis from L.L. Thurstone, Learning from Harvey A. Carr (the Head
of the Psychology Department) and a seminar in Gestalt Psychology from
Wolfgang Kohler. He also had a course in physiology from Nathaniel Kleit-
man and a course in anatomy from C.J. Herrick. During the time that Hebb
was at Chicago it was the centre of Functional Psychology, with a focus
on the biological basis of behaviour (Dewsbury 2002, Kingsbury 1946), an
approach that he was to follow for the rest of his career.

Only a year after Hebb arrived in Chicago, however, Lashley accepted
a position at Harvard University and Hebb moved with him to Harvard to
complete his PhD. At Harvard, Hebb worked on the visual abilities of rats
reared in the dark (Hebb 1936) and received his degree in 1936. For the
next year, Hebb worked as a Research Assistant for Lashley and as an
Instructor in Introductory Psychology for Professor E. G. Boring. During
this year, Hebb published his PhD research (Hebb 1937) and completed the
research that he had started in Chicago on field orientation in rats (Hebb
1938). In 1937, Hebb married Elizabeth Donovan, who had studied Educa-
tion and Sociology at the University of Chicago. She became the mother
of his two daughters, Jane and Mary Ellen.

6. Neuropsychology at the Montreal Neurological Institute: 1937-39

In 1937, Hebb’s sister Catherine, who was a PhD student with Babkin
at McGill University, informed him that Wilder Penfield, the founder of the
Montreal Neurological Institute (MNI), was looking for someone to study
the psychological effects of his neurosurgical procedures. Penfield was the
leading neurosurgeon of his day, and specialized in surgery for epilepsy
(Bell 1977, Feindel 1992). Hebb was appointed as a Rockefeller Fellow
and Lecturer in Clinical Psychology at the MNI in 1937 and worked with
patients who had temporal lobe and frontal lobe surgery. Hebb’s most
complete study was of patient KM, who was tested before and after a fron-
tal lobotomy. Much to his surprise, Hebb found little effect of the surgery
on KM’s scores on the standardized psychological tests available at the
time (Hebb & Penfield 1940) and he concluded that the removal of large
amounts of frontal lobe tissue either had no effect on the mental abilities of
the patient or that the tests available were not sensitive enough to detect
the effects of the surgery (Hebb 1939a, Hebb & Penfield 1940).

Hebb’s experience in testing patients at the MNI led him to develop a
theory about the nature of intelligence and how it should be tested. First,
he found that the Stanford Binet and the Wechsler Intelligence tests were
inadequate for use with adult patients who had low verbal ability and who
did not speak English (Hebb & Morton 1944). So, along with professor
N.W. Morton of the McGill Psychology Department, Hebb began to develop
two new tests: the verbal Adult Comprehension Test and the non-verbal
Picture Anomaly Test (Hebb & Morton 1943). Second, Hebb observed that
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lesions of different brain areas produced different cognitive impairments.
He began to believe that intelligence was not a unitary entity but a complex
phenomenon, whose multiple components could be differently affected
by cerebral lesions. As a result he developed the idea that rather than
measuring overall intellectual change, one should determine the specific
aspects of intelligence affected by brain lesions using specific neurological
tests (Hebb 1939b). Third, Hebb came to believe that intelligence had two
components: a fixed or biological component and a variable component
that could be influenced by environmental experience (Hebb 1942). Fourth,
Hebb found that the age at which a brain injury occurred was important in
determining its effects on intelligence. Certain abilities were affected more
by early than late injury, while the age at injury was not important for other
abilities (Hebb 1939b, 1942). These findings, important for the development
of Hebb’s ideas on the neural control of behaviour, surfaced many times
throughout Hebb’s career.

7. Hebb at Queen’s University: 1939-42

When his Fellowship at the MNI ended in 1939, Hebb took a position as
a Lecturer in the Department of Mental and Moral Philosophy at Queen’s
University. Here he taught Philosophy 2 (Psychology), an elementary survey
of mental life, Philosophy 30 (Problems in Psychology) in which students
conducted “a specific experimental problem of a minor character”, Philosophy
4 (Contemporary Psychology), a survey of present-day psychology, and
Philosophy 15 (Experimental Psychology) and also had students conduct
laboratory experiments (Queen’s University 1940-41).

Despite this heavy teaching load at Queen’s, Hebb managed to publish
his studies on the effects of brain lesions at different ages (Hebb 1942),
a review of frontal lobe function (Hebb 1945a) and also completed two
research projects with his students. Hebb & Williams (1946) designed a
variable path maze and this Hebb—Williams maze has since been usedin a
plethora of comparative studies of learning in animals and humans (Shore
et al. 2001). Hebb & Foord (1945) tested and refuted the Gestalt hypoth-
esis of dynamic activity within the memory trace. However, Hebb was not
highly paid at Queen’s and had to earn extra money to support his family
by teaching summer school and marking extramural essays in addition to
his regular load of four full courses (Hebb 1980d).

While Hebb was at Queen’s University, Professor Humphrey, the Head of
the Psychology Department at Queen's, and Professor Bott, from the Uni-
versity of Toronto, brought together a number of psychologists to assist the
war effort and this group founded the Canadian Psychological Association
(CPA) in 1940. The first accomplishment of this group was the develop-
ment of the M-test, an Army classification test for new recruits developed
primarily by N.W. Morton (Ferguson 1993). The first issue of the Bulletin
of the Canadian Psychology Association (the forerunner of the Canadian
Psychologist) was published in October 1940 with Hebb as the editor from
December 1940 until 1942. When the first meeting of the CPA was held
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at McGill University in December 1941, Hebb (1941) presented a paper
entitled “Higher level difficulty in verbal test material”.

Hebb was promoted to Assistant Professor at Queen’s in 1941, but even
with a increase in salary to $2400 per year, he was not able to support his
family of four (his second daughter was born in Kingston in 1941). Thus,
Hebb began to search for a better paying position that would allow him
more time for research.

8. Hebb at the Yerkes Primate Research Laboratory: 1942-47

When Karl Lashley succeeded Robert Yerkes as the director of the Yale
Primate Laboratories at Orange Park, Florida in 1942, he offered Hebb a
position as a research scientist at a salary of $4000 per year. The position
included an appointment in the Department of Psychology at Harvard, one
month of vacation per year, $200 per year for travel and expenses for scien-
tific meetings. This was exactly the sort of position that Hebb was seeking
and he moved to Florida in September 1942. There he was employed as a
Research Associate (1942-45) and then as a Harvard University Research
Fellow (1945-1947). The travel money was spent on trips to Montreal to
continue his collaboration with Penfield.

During his years in Florida, Hebb studied fear and anger in chimpanzees
(Hebb 1945b, 1949b) and related these findings to human emotionality
(Hebb 1946, 1947a). He also studied the behaviour of dolphins (McBride
& Hebb 1948) and continued his work on the development of rat intelli-
gence. To determine the effects of early experience on learning, Hebb and
his daughters reared rats as pets at home and showed that this enriched
experience resulted in improved maze learning in adulthood (Hebb 1947b).
These studies formed the basis of studies on the effects of environmental
enrichment on behaviour and neural development (Krech et al. 1962) that
has become one of the most important concepts in developmental psy-
chology and continues to influence research on neural and behavioural
development (van Praag et al. 2000).

9. Writing The Organization of Behavior: 1944-1949

During his years in Florida, Hebb completed the first five chapters of the
manuscript of a book, eventually published under the title The Organiza-
tion of Behavior, in which he outlined an entirely new way of understanding
behaviour in terms of brain function. Hebb discussed how he came to write
The Organization of Behaviorin two autobiographical memoirs (Hebb 1959,
1980b). In short, his previous research on the effects of brain lesions at
different ages on intelligence (Hebb 1942) led him to the conclusion that
intelligence must be a product of both innate ability and learning experi-
ence. He began to ask how the concepts, modes of thought, and ways of
perceiving, which constitute intelligence, could be conceived in terms of
neural mechanisms (Hebb 1980b).

Hebb made notes for The Organization of Behavior between June 1944
and March 1945. These notes outline a set of physiological explanations for
psychological processes such as attention, perception and learning (Hebb
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1945c). ltisin these notes that Hebb worked out the basic propositions of
his neuropsychological theory, which he said was “not merely a translation
[of psychological data] into physiological terms, but suggests the basis of
considerable synthesis and makes possible an intelligible formulation of
the problems of attention and thought, as a function of central processes”
(Hebb 1945c).

There were a number of problems that Hebb had to overcome in order to
develop his neuropsychological theory and he mentions three of these in
his notes: the inter-relatedness of psychological concepts; the assumption
that behaviour is under sensory control; and the lack of neurophysiologi-
cal data. He dealt with these problems by developing a set of postulates
that became the building blocks of his theory. These were: that percep-
tion required learning, that synaptic change could account for learning,
that neural activity could be separated from sensory input and that both
perception and learning could be accounted for through the development
of cell assemblies.

The idea that perception required learning was stimulated by the work
of von Senden (1932, 1960) on the development of visual ability in con-
genitally blind people after surgical operations which enabled them to see
for the first time. Hebb used the case studies in this book and the work of
Riesen (1947), on monkeys reared in the dark, to argue that perception
relied on learning. It was only after he developed the idea of perceptual
learning that Hebb returned to his own PhD thesis and understood how he
had mis-interpreted his own results. Hebb (1937) had concluded that visual
ability of rats was innate as rats reared in total darkness could discriminate
between two figures, but in his Precis (Hebb 1945c), he reported that the
rats reared in darkness took much longer to make this discrimination than
rats reared in the light as they had to undergo a period of perceptual learn-
ing once they were removed from the darkness (Hebb 1949a). Although
Wertheimer (1951) disagreed with Hebb’s interpretation of von Senden’s
results, they were crucial to Hebb’s development of the concept of the
cell assembly and the idea that perceptual organization occurs through a
process of learning.

Hebb relied on two books for his background information on learning
theory and the physiology of behaviour, Hilgard & Marquis (1940) and
Morgan (1943), both of which explained the synapse and neural connec-
tions as described by Lorente de No (1938). These books determined
how Hebb thought synapses functioned. When Hebb was developing his
ideas about the neural basis of behaviour in 1944 and 1945, there were no
textbook descriptions of neurochemical transmission in the CNS and thus
no neurotransmitters to discuss. Hebb, like everyone else, was working
only with the idea of electrical transmission in the cortex. This meant that
the brain was envisioned as a series of electrical circuits in which changes
in “bio-electric fields” were thought to underlie learning (Hilgard & Marquis
1940). The neurochemical synapse was not formally acknowledged until
Eccles published his seminal paper (Eccles et al. 1954) and it was only



10 BROWN

after this that Eccles came to believe that synaptic transmission in the CNS
could be chemical as well as electrical (Eccles 1976, 1982). Thus, Hebb’s
belief that synaptic change accounted for learning came from these books;
he did not claim that the “Hebb synapse” idea was his own.

Itwas from Lorente de No’s (1938) theory of recurrent (reverberating) nerve
circuits that Hebb developed his idea of “cell assemblies”. The concept of
the cell assembly, with its reverberating circuits, meant that neural activity
could continueinthe absence of an external stimulus. Eccles had developed
the idea of inhibitory synapses (Brooks & Eccles 1947) but, although he
wrote an essay on inhibition in the nervous system in 1934 (Hebb 1934),
he did not incorporate the concept of inhibition into his theory; it had to wait
for Milner’s (1957) revision. The cell assembly theory provided a neural
explanation for perceptual processes and learning as both relied on external
input to develop a mental image (cell assembly). The concept of the phase
sequence allowed cell assemblies to communicate and thus provided the
neural basis for thought and other higher order mental processes.

Hebb completed the first five chapters of The Organization of Behaviorin
Florida and sent them to Edwin G. Boring at Harvard, Lashley and others
for comment. He invited Lashley to be a co-author of the book, but Lashley
was notimpressed with the manuscript and declined co-authorship. Despite
Lashley’s negative opinion, Hebb submitted these chapters to Charles C.
Thomas Publishers in 1947. These were sent to Henry Nissen to review
and he sent Hebb comments on each chapter.

10. Harvard and McGill: 1947- 49

Edwin G. Boring, the Chairman of the Psychology Department at Har-
vard, invited Hebb to teach there during the 1947 summer session. One of
the classes was a graduate seminar for which Hebb used mimeographed
copies of his new manuscript. One of the students in this class was Mark
Rosenzweig, who wrote:

“l took a graduate seminar with Donald O. Hebb at Harvard in the sum-
mer of 1947 where the text was a mimeographed version of Hebb’s
influential book The Organization of Behaviorwhich appeared in printin
1949. (I wish | had had the foresight to save that 1947 version.) Hebb’s
creative suggestions revitalized theorizing and research on learning and
memory, and | benefitted directly from them and from further contacts
with him” (Rosenzweig 1998).

Hebb had been offered a position as Professor of Psychology at McGill
University and he arrived in Montreal in September 1947, starting his new
career at McGill with as heavy a teaching load as he had left at Queen’s
University five years before. Now, however, much of his teaching was with
graduate students and included courses in Comparative Psychology and
Physiological Psychology, in addition to supervising the research projects
of graduate and honours students.
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During his first year at McGill, Hebb wrote chapters 6 to 11 of The Orga-
nization of Behavior and sent them to Henry Nissen, Austen Riesen, Robert
Blum and others for their comments. On 29 September 1948, Hebb mailed
the completed version of his book to Charles C. Thomas Publishers under
the title On Thought and Behavior. But Thomas returned Hebb’s manuscript
because he had a number of other books to publish and did not want to
delay the publication of Hebb’s book. It was turned down! With the sup-
port of letters from Frank Beach and Henry Nissen, however, John Wiley &
Sons agreed to publish the manuscript, and Hebb’s book, now entitled The
Organization of Behavior was finally published in the fall of 1949.

11. What did Hebb say in The Organization of Behavior?

In The Organization of Behavior, Hebb proposed a theory for the explana-
tion of psychological concepts such as attention, perception and learning
in terms of a set of neurophysiological postulates. To do this, he proposed
three key ideas. First, he argued that the synaptic connections between
neurons in the cortex increased in efficiency in response to the degree of
temporal contiguity in their pre- and post-synaptic activity. This concept
has been termed the “Hebb synapse” and forms the basis of the “Hebbian
Learning Rule” which has been used to form the basic algorithm for learn-
ing. Second, Hebb proposed that collections of neurons that tended to fire
together formed a cell assembly, whose activity persisted after a sensory
stimulation and formed the neural representation of that stimulation. Third,
he proposed that cognitive processes such as attention and thinking oc-
curred when sets of cell assemblies were activated in sequence, in what
he termed a “phase sequence” which was the basis for the “temporally
organized processes of thinking” (Hebb 1949a). Synaptic plasticity and cell
assemblies have since become central tenets in behavioural and cognitive
neuroscience [Spatz 1996]. The concept of synaptic plasticity suggested
that synapses were not fixed, but changed depending on their stimulation,
and the concept of cell assemblies showed how a number of cells could be
involved in the same psychological process through their specific synaptic
connections.

Hebb was critical of the Pavlovian stimulus—response model of learning,
on which Hull’s learning theory was based (Hull 1943), and put emphasis
on Tolman’s stimulus—stimulus associations (Tolman 1932). Hebb was also
critical of the Gestalt theory of perceptual processes (Kohler 1929). Using
his neurophysiological theory, Hebb integrated the ideas of these prominent
psychological theories through common neural processes. On the basis of
his theory, Hebb also reinterpreted his own previous research on Penfield’s
neurosurgery patients, the development of intelligence, animal models of
intelligence, and emotionality in chimpanzees. The first half of the book
focused on providing a neural explanation for perception and learning, and
presented Hebb’s concepts of synaptic plasticity, the cell assembly and
phase sequence. The second half of the book demonstrated how such a
neurophysiological theory could explain the development of learning capac-
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ity, motivation, emotion, mental illness, and the growth and decline of intel-
ligence. These ideas were so far ahead of their time that they were virtually
untestable with the methods available and Hebb often made the point that
future research was bound to prove them wrong as new information about
the functioning of the nervous system became available.

12. Reviews of Hebb’s book: 1949-2004

Fittingly, the published reviews of The Organization of Behavior were
uniformly positive, even when they were critical. Kuhn (1950) stated that,
“this book will probably come to be regarded as a landmark in psychological
theory.” Brogden (1950) wrote that, “The neural theory is admittedly gross,
and probably impossible to test, but its presentation results in provocative
discussion.” Attneave (1950) stated “| believe The Organization of Behavior
to be the mostimportant contribution to psychological theory inrecentyears.”
In a lengthy review, Leeper (1950) stated “There are so many respects in
which Hebb’s book is so high in quality and is so delightfully written that it
will have an assured status in psychology.”

Of course, Hebb’s book did live up to the reviewer’s predictions and became
one of the most important contributions to psychology in the 20th century.
During the 1950’s, Hebb’s ideas were everywhere. Although Wertheimer
(1951) criticized Hebb’s views of the importance of learning in perception,
Allport (1955) devoted an entire chapter (entitled “The association approach,
cell assembly and phase sequence”) to a discussion of Hebb’s ideas on
perception. In the second edition of his book on theories of learning, Hilgard
(1956) added a separate section on Hebb’s neuropsychological model and by
1959, Koch’s monumental seven volume survey of psychology as a science
had a chapter by Hebb (Hebb 1959) and refered to Hebb in every volume
(Koch 1959). The Organization of Behavior became one of the most highly
cited books in psychology and neuroscience and was required reading for
many university courses in a wide variety of disciplines.

After the publication of The Organization of Behavior, Physiological Psy-
chology emerged as an active field of research. The book also stimulated
new ideas in other areas of psychology, biology, computer science and
early childhood education. It has been translated into 11 languages and
in the year 2000 the Cognitive Science Millenium Project in selecting the
100 most influential books in cognitive science in the 20th century [http://
www.cogsci.umn.edu /OLD/calendar/ past_events /millennium/final.html],
ranked The Organization of Behavior fourth (after Noam Chomsky, David
Marr and Alan Turing).

The continued importance of The Organization of Behavior is indicated
by the fact that at the 50th anniversary of its publication, it was reviewed
almost as often as when it was originally published (Martinez & Glickman
1994, Nicolelis et al. 1997, Sejnowski 1999). Since the 1966 paperback
reissue of The Organization of Behavior was out of print, Peter Milner and
| had it republished in 2002 and this reissue has also been reviewed (Tees
2003). Hebb’s ideas of synaptic plasticity and cell assemblies have become
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fundamental concepts in psychology and neuroscience (Spatz 1996, Milner
2003, Kolb 2003, Sejnowski 2003, Hinton 2003) and the impact of Hebb’s
book on psychological theory has been compared with that of Darwin’s
Origin of Species on biological theory (Adams 1998). Posner & Rothbart
(2004) argue that Hebb’s ideas provide the basis for an integration of the
disparate sub-fields of psychology. We have examined the origins of The
Organization of Behavior (Brown & Milner 2003) and Cooper (2005) provides
a history and commentary on the Hebb synapse and learning rule.

13. Hebb’s evaluation of his own book

When Hebb was asked to discuss the development of his theory and its
impact on psychology, he responded that he attempted to “deal with set
and attention and perceptual generalization and learning in one theoretical
framework, not have one approach for thinking, another for learning, and
a third for perception -- the position in which the members of the Gestalt
group found themselves” (Hebb 1959). Hebb continued to state that:

“My theory is the only one that attempts this, and in my opinion, to be
quite frank, is consequently the only realistic attempt to deal theoreti-
cally with the problems of behavior. Skinner of course has avoided
theory; Tolman and Guthrie have proposed approaches to the problem
of constructing a theory, but both have remained, essentially, program-
matic. Hull’s is the only real alternative to mine; and the course of
development of his ideas, from 1937 to 1951, has shown a narrowing
of the range of phenomena dealt with, an increasingly clear set of dif-
ficulties to be encountered even in the narrow range with which his
theory does deal, and an increasing concern with minor modifications
of postulates as defensive measures to meet the attacks of critics.
..... Mine, in short, is the only attempt to deal with the thought process
and perception in the framework of a theory of learning. It has serious
defects, but no real competitor. This fact | see as the major “evidence
for the system”, together with the body of research that it has, directly
or indirectly, stimulated” (Hebb 1959).

14. Hebb as a teacher

Hebb had a remarkable influence on the training of psychology students
at McGill. Not only did he develop a graduate program that attracted very
high quality students, he also taught a very popular introductory class and
wrote a textbook of psychology (Hebb 1958). Hebb also taught a graduate
seminar, which was attended by all psychology graduate students and is
now legendary. Hebb was involved in the 1958 Colorado conference on the
teaching of psychology (Garner et al 1959) and he carried his radical ideas
about teaching (Hebb 1930) to the training of graduate students.

Hebb’s ideas on the training of research students (Hebb 1966) were that:
(1) You can't train people to do research in courses; it is learned by appren-
ticeship in a research setting. (2) Graduate student research capacity and
promise cannot be evaluated by examinations, but by involving the student
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inresearch and then making an intuitive or clinical judgment of their promise.
(3) Students should be given the opportunity to experience research as soon
as possible, and as early as their third or fourth-year as honors students,
so that they can be evaluated as thinkers and doers, not as memorizers.
(4) A decision should be made on whether or not to accept a student into
the PhD program after the first year, and a weak student should not be kept
on, because this results in mediocre graduates. (5) You can train a student
to write provided that you work closely with the student at all stages of the
writing. Writing should be a main concern of the director of research. It is
not subsidiary, not ancillary, not really distinguishable from the rest of the
research experience. Hebb was very interested in training students to write
(Hebb & Bindra 1952) and would require them to rewrite drafts of their papers
many times. Hebb defined psychology as a biological science and stated
that it should be studied by objective methods, rather than by introspection,
humanistic or subjective methods that are more suited to literature and the
arts. Hebb’s focus on the biological bases of behaviour and his methods
for training students turned McGill into the foremost centre for physiological
psychology (now behavioural neuroscience) in the world.

15. Hebb’s students and their research: 1947 - 1954

The success of Hebb’s educational methods are reflected in the success
of his students, including Bernard Hymovitch, Donald Forgays, Mortimer
Mishkin, Brenda Milner, Peter Milner, Ronald Melzack, Seth Sharpless,
Woodburn Heron, Helen Mahut, Gordon Mogenson, Case Vanderwolf
and legions of others who attended his introductory psychology class and
graduate seminar and were motivated to pursue biological psychology as a
career. Hebb used the theories that he had developed in The Organization
of Behavior to direct the research of his students. Often his students and
colleagues repeated and extended his old experiments in light of his new
theory. Since Hebb was not a co-author on any of these papers, to under-
stand how Hebb’s research was influenced by his theory, one must read
the publications of his students and colleagues. For example, Rabinovitch
& Rosvold (1951) developed a standardized procedure for the Hebb-Wil-
liams maze and tested rats with cortical damage and rats reared in a “free
environment”. Other students used the Hebb-Williams maze to test the ef-
fects of electroconvulsive shocks (Rishikof & Rosvold 1953), environmental
experience and lesions (Smith 1959), thalamic stimulation (Mahut 1962),
the effects of blindness and early rearing experience (Hymovitch 1952), and
the effects of environmental enrichment on learning and memory (Forgays
& Forgays 1952).

Beach & Jaynes (1954) reviewed the literature on the effects of early
experience on behaviour of animals and stated that: “A leader in this field
is Hebb, whose The Organization of Behavior (1949) has been directly or
indirectly responsible for a number of experiments reported in psychological
journals during the lasttwo or three years.” Hebb’s work stimulated research
on the effects of early experience on problem solving, neuroanatomy and
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neurochemistry (Hunt 1979), and his ideas helped to facilitate the develop-
mentof head start programmes using environmental enrichmentfor deprived
children (Campbell et al. 1994).

Hebb did not work with patients after he left the MNI in 1939, but he did
collaborate with Penfield through his students and colleagues, who often
repeated studies on the effects of lesions on intelligence that Hebb began
with Penfield. Rosvold & Mishkin (1950) looked at the effects of prefrontal
lobotomy on intelligence as Hebb (1939a) had done, Forgays (1952) looked
at the development of cognitive dysfunction after surgery and Milner (1954)
investigated the intellectual function of the temporal lobes as Hebb (1939b)
had done. This research led to the groundbreaking work on patient HM,
which revolutionized the study of the neural basis of memory (Scoville &
Milner 1957).

Hebb also continued the studies of fear and emotionality that he had
started at the Yerkes Primate Laboratories, but instead of chimpanzees, he
now used purebred Scottish terriers. The dogs were first tested in studies
of the effects of early rearing experience on learning as Hebb had done
with rats reared at home (Thompson & Heron 1954), and then in studies of
emotional behaviour (Clarke etal. 1951, Mahut 1958, Melzack 1952, 1954),
and the development of social behaviour (Melzack & Thompson 1956).

During the 1950’s, work from Hebb’s laboratory was often reported in the
Montreal newspapers. For example, the work of Olds & Milner (1954) on
electrical stimulation of brain reward pathways was reported on the front
page of the Montreal Gazette on 12 March 1954, under the headline “McGill
opens vastnew research field with brain ‘pleasure area’ discovery”. The work
on sensory deprivation (Bexton et al. 1954) was reported in the Montreal
Gazette of 14 January 1954 under the headline “See, hear, feel nothing
research shows bored brain acts queerly: Isolation tests at McGill pay hu-
man guinea pigs $20 a day — but few can take it’. The same research was
treated more harshly in the New York Times of 15 April 1956, which linked
Hebb’s sensory deprivation experiments at McGill to brainwashing. The
Montreal Gazette of 26 April 1956 ran a front page headline “Brainwashing
defense found” and a second article entitled “McGill discovery will benefit
military”, which explained how the Defense Research Board of Canada
had contracted the experiments on sensory deprivation to study “so-called
brainwashing... used by opponents of western powers”. This was at the time
ofthe Korean War (1950-53), and the introduction of the term “brainwashing”
in Edward Hunter’s book Brainwashing in Red China (1951) led to the fear
of brainwashing of captured soldiers. Although aspects of Hebb’s sensory
deprivation experiments were classified as secret, most of the results have
been published, including a summary in Scientific American (Heron 1957).
This work is still controversial today (McCoy 2006).

Hebb’s studies of sensory deprivation also started an entire field of
research and, in an introduction to a symposium which summarized the
research on sensory deprivation stimulated by Hebb’s ideas, Cobb (1961)
states that: “When Hebb had the ingenious idea of studying perception in
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human beings by means of sensory deprivation and, especially, when he
courageously acted on the idea and performed his experiments, he made a
great step forward. It is only seven years since he published his first paper
on this subject, but one has only to look at the content of this symposium
to see how quickly and fruitfully the work was taken up by others.”

16. Hebb’s writings following The Organization of Behavior

With the completion of The Organization of Behavior, Hebb became one
of the major theorists in the field of Physiological Psychology. He was
chosen to review the field of Animal and Physiological Psychology for the
first Annual Review of Psychology (Hebb 1950) and, in a paper on “The role
of neurological ideas in psychology”, Hebb (1951) compared his theory of
behaviour to those of Tolman, Krech, Hull and the Gestaltists and presented
evidence for the relevance of his neurological approach to the theory of
personality. Hebb’s presentation at the Association for the Study of Animal
Behaviour (ASAB) meeting in London, England, focussed on the problem
of separating genetic and environmental components of behaviour. In this
paper, he stated that asking what percentage of behaviour is due to heredity
and what percentage due to environment “...is exactly like asking how much
of the area of a field is due to its length, how much due to its width” (Hebb
1953a). In this paper, he also criticized the ethologists for attempting to
study innate behaviour before studying learning as he felt that all forms of
behaviour involve some type of learning.

In his presidential address to the Canadian Psychological Association
(CPA), Hebb (1953b) argued that human thought was the central problem
for psychology. He further argued that the existence of thought was denied
by stimulus-response behaviorists such as Thorndike, and not explained
by the Gestalt theorists. Hebb then discussed how his cell assembly
model could account for the concept of thought. Hebb & Thompson (1954)
discussed Hebb’s research on chimpanzee emotional behaviour and his
work on the importance of environmental experience in the development
of behaviour and suggested that emotionality and psychopathology result
from breakdowns in cell assemblies.

In his presidential address to Division 3 of the American Psychological
Association (APA), Hebb (1955a) discussed the concept of motivation in
terms of the CNS (Conceptual Nervous System). Hebb wrote this paper in
response to B.F. Skinner who had stated that “the letters CNS be regarded
as representing not the Central Nervous System, but the Conceptual
Nervous System. Many theorists point out that they are not talking about
the nervous system as an actual structure undergoing physiological or
biochemical changes but only as a system with a certain dynamic output”
(Skinner 1950). What Hebb showed was that conceptualizing psychologi-
cal problems in physiological terms led to research on the neural basis of
behaviour, as shown by the work of Moruzzi and Magoun on the brain stem
arousal system and the results of Olds and Milner’s studies of reward by
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electrical brain stimulation. He also presented the idea of an inverted U
shaped curve to describe the optimal arousal of behaviour.

In his presentation to the American Psychiatric Foundation, Hebb (1955b)
again discussed the importance of environmental stimulation during devel-
opment, relating it to levels of adjustment at maturity. In particular, Hebb
pointed out that “a short period of deprivation of normal sensory input pro-
duces personality changes and a clear loss of capacity to solve problems”
(Hebb 1955b). He used examples from his research on dogs and rats and
the effects of sensory deprivation in humans to illustrate this point. Thus,
in the years after the publication of The Organization of Behavior, Hebb
was able to show how his theories could be applied to the study of the full
range of psychological problems.

17. Hebb’s involvement in the promotion of psychology

Hebb’s promotion of research in Physiological Psychology at McGill, in
combination with the research at the MNI made Montreal a world centre
for brain research and attracted two major conferences in the early 1950’s.
The first was the Brain Mechanisms and Consciousness Symposium,
which was held in Ste-Marguerite, Quebec, in August 1953 (Delafresnaye
1954). This meeting brought the top neuroscientists from all over the world
to Quebec. These included H.W. Magoun, who presented a review of the
ascending reticular activating system and wakefulness and G. Moruzzi, who
reported on the physiological properties of the brain stem reticular activat-
ing system. Walle Nauta, W.R. Hess, Mary Brazier, and E.D. Adrian (later
Lord Adrian), all gave presentations, as did Wilder Penfield, W. Grey Walter
and Herbert Jasper. Hebb spoke on the problem of consciousness and
introspection in which he discussed his experiments on sensory deprivation.
Lashley spoke on dynamic processes in perception and Lawrence Kubie
spoke on psychiatric and psychoanalytic considerations of the problem of
consciousness.

The second meeting, the 14th International Congress of Psychology, was
held in Montreal in June 1954. It was presided over by Edward C. Tolman,
the President of the APA and Edward A. Bott, the President of the CPA
(Rosenzweig et al. 2000). Hebb was the Chairman of the Local Arrange-
ments Committee, along with other faculty members from McGill and the
University of Montreal (Proceedings 1954 ). Over 1000 psychologists from 31
countries, including Russia, attended this meeting, which had plenary talks
by Jean Piaget, Wilder Penfield and Edward C. Tolman. The delegation of
six Russians included E.N. Sokolov, A.N. Leontiev and E.A. Asratyan.

After Hebb’s book was published, he was invited to give lectures at many
scientific meetings and at universities throughout North America and Europe.
Hebb’s first major lecture was the James Arthur Lecture entitled “The evolu-
tion of thought and emotion”, which he gave at the American Museum of
Natural History in New York in 1948. In 1950 and 1951, he gave lectures
in Chicago, Michigan and Yale. He also had a lecture tour of England in
April and May of 1952; it was his first trip to Europe. During this trip, he
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gave three lectures at the University of London, one at Oxford and one at
the Maudsley Hospital as well as an Association for the Study of Animal
Behaviour Lecture on heredity and environment (Hebb 1953a). Hebb also
gave the Hughlings Jackson Lecture at the Montreal Neurological Institute
in 1958 and the Claude Bernard Lecture at the Universite de Montreal in
1966. Notes for many more lectures abound in his collected materials.

Hebb also became a spokesman for psychology as a science, both within
Canada and internationally. He was elected the president of the CPA in
1953 and promoted the publication of high quality research in the Canadian
Journal of Psychology, where many of his students published their papers.
Hebb also worked tirelessly to increase support for research in psychology.
He served on the Human Resources Research Advisory Committee of the
Defense Research Board of Canada from 1951 to 1953, and lobbied the
National Research Council to have a section for research in Experimental
Psychology, which he chaired from 1956-62. He also served on the Board
of Scientific Counselors of the National Institute for Mental Health from
1965 to 1969.

Hebb became a member of the APAin 1936 and attended most of the APA
meetings between 1940 and 1973. He was also involved in administration
of the APA as President of Division 3 (Experimental Psychology) in 1953
(Hebb 1955a) and President of the APA in 1959, the first non-American to
be elected (Hebb 1960). In 1961, Hebb was awarded an APA Distinguished
Contribution Award (Hebb 1963) and in 1973, he was invited to address
the APA on “What Psychology is About” (Hebb 1973).

18. Hebb’s awards

Throughout his career, Hebb received many honours, including the Warren
Medal from the Society of Experimental Psychologists (1958), the distin-
guished scientific contribution award from the APA (1961), and an award
from the Association for Research in Nervous Mental Disorders (1962). He
was awarded the Claude Bernard Medal from the University of Montreal
(1966), the Gold Medal from the APA (1974), the Society for Research in
Child Development Distinguished Scientific Contribution Award (1979) and
the CPADistinguished Scientific Contribution Award (1980). He was elected
a Fellow of the Royal Society of Canada (1959) and the Royal Society of
London (1966). He was given honorary doctorates by 15 Universities and
was nominated for the Nobel Prize in Physiology and Medicine in 1965.
These awards, from so many different societies, give some indication of
the wide impact of his work.

19. Hebb retires to Nova Scotia

Hebb was the chairman of the Psychology Department at McGill from
1948 to 1958 and the Vice-Dean of Biological Sciences from 1964 to 1966.
He was then elected Chancellor of McGill University from 1970 to 1974. As
Chancellor, he presided over many university events and gave a number
of public lectures, such as his lecture on the importance of a university
education (Hebb 1971).
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In 1977, Hebb retired to Marriot's Cove, Nova Scotia, only a few miles
from Chester, his birthplace. He became a Professor Emeritus at Dalhousie
University and commuted to Halifax once a week for lunch with colleagues,
including Graham Goddard, Lynn Nadel, Ray Klein, John Fentress and
their students, who included Carol Barnes, Bruce McNaughton and Rob
Douglas. Hebb always enjoyed sailing and went out in his boat, “The Ra-
ven” whenever he could. While he was “retired”, he wrote his third book,
Essay on Mind (Hebb 1980a), a summary of his ideas on the biological
basis of mind. He also gave a number of interviews to Psychology Today,
wrote an introspective account of aging (Hebb 1978) and completed his
autobiography (Hebb 1980b, c).

20. The legacy of Hebb’s work

Hebb died on 20 August 1985, following complications from surgery.
Numerous obituaries were published which described his legacy to every
area of psychology and neuroscience (Harnad 1985, Fentress 1987, Klein
1989). Modern neuropsychology is indebted to Hebb’s work with Penfield.
The study of environmental effects on development derives from Hebb’s pet
rats reared at home. Computer models of the brain are based on Hebb’s
ideas of the synapse and cell assembly. Long-term potentiation (Bliss & Lomo
1973) is the experimental analysis of Hebbian synaptic plasticity. The work
of Hubel and Wiesel on neural plasticity of sensory system development
(Weisel & Hubel 1965) derives from the first five chapters of The Organiza-
tion of Behavior (Stent 1973). The field of computational neuroscience is
based largely on Hebb’s ideas (Sommer & Wennekers 2003). His emphasis
on the effects that the timing of neural impulses have on brain function is in
keeping with the discovery of spike-time-dependent synaptic plasticity (Bi
& Poo 2001, Sejnowski 1999). In addition, studies of the neural bases of
emotion, motivation, reward, and pain pathways derive from Hebb’s ideas
and the research of his students. Although a 2002 study ranked Hebb as
only the 19th most eminent psychologist of the 20th Century (Haggbloom
et al. 2002), a greater awareness of what we owe to Hebb should increase
this ranking substantially.
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