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The object of this investigation * was to determine the
possibility of forming a conditioned knee jerk, and, if formed,
to study the rate of its formation, its stability, and the effect
of varying such factors in the procedure as length of training
and the conditioning stimulus. Finally, it was desired to
study the course of contraction in the conditioned and uncon-
ditional knee jerks and in the voluntary contraction of the
quadriceps muscle-group.

The term 'conditioned reflex' was developed in Pavlov's laboratory as a name for
the individually acquired connection, in an animal, between a stimulus and a response.
Pavlov defines a reflex as " an inevitable reaction of an organism to an external stimulus,
brought about along a definite path in the nervous system," and carefully shows that
a conditioned reflex fulfills this definition. But "these new reflexes actually do depend
on very many conditions, both in their formation, and in their physiological activity."
Hence they are called 'conditioned' reflexes.1

The publication by Pavlov of an article entitled Sur la secretion psychique des
glandes salivaires* is usually considered to be the beginning oi the study of the condi-
tioned reflex. Since that date (1904) there has been a constantly increasing interest
in the subject. Pavlov has continued his work, and built up a school of Refiexology.
He and his pupils have studied for over twenty years the cortical activity of the dog
by the method of conditioned reflexes. They have linked conditioning stimuli from
every sense department to either of two salivary reflexes. One of these unconditional
reflexes is normally aroused by food and is an alimentary reflex, whereas the other is
a response to acid placed in the mouth and is a mild defensive reflex. Pavlov says
that in most cases the motor actions allied with these glandular responses are not taken
into consideration, but are occasionally used when the results obtained from the
secretion are not sufficient. An illustration of this resort to one of the motor com-
ponents of an alimentary reflex is found in an investigation of the latent time of the
conditioned reflex. Bykow and Petrowa measured the interval between the sounding
of a bell (the conditioned stimulus) and the movement of the head toward the usual

1 This study was carried out in the Psychological Laboratory of Princeton Uni-
versity.

1 1 . P. Pavlov, Conditioned reflexes; on investigation of the physiological activity el
the cerebral cortex, 1926, (G. V. Anrep, tr., 1927), 23-25.

%Arch. internal, dt physiol., 1904, I, 119-135.
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source of food.4 But Pavlov's system rests mainly on the study of conditioned salivary
reflexes. He has summarized and organized the results of over twenty years of work
in his book Conditioned Reflexes} This is the first complete discussion of the work of
Pavlov's school to appear in one of the more familiar languages, although several
earlier and less complete summaries have appeared."

Bechterev also made an extensive study of the conditioned, or, as he called it,
the 'associative motor' reflex. He and his pupils have studied the conditioned
withdrawal reflex using shock as the unconditioned stimulus, in both animals and
man.7 He differs from Pavlov in that his theories are applied to man, as well as to
other higher mammals; whereas Pavlov usually confines his statements and theorizing
to the acquired reactions of dogs.

In addition to the members of these two schools, there are many isolated inves-
tigators who have attacked the problem of the conditioned reflex in animals.* Most
of them seem to have done only occasional pieces of work, and have not attempted
a systematic formulation of the results. Beritoff is perhaps the most outstanding
exception to this statement. He has verified most of Pavlov's results, using the
flexion reflex of dogs as the unconditioned reflex. In addition to the movements of
the stimulated leg, he recorded those of the head and of one other leg, thus obtaining
a somewhat better picture of what the animal was doing. The most important aspect
of Beritoff s work is his attempt to explain the conditioned reflex on a modern physio-
logical basis. As he points out, Pavlov's explanations are not in strict accord with
present physiological theory. But Beritoff is himself quite careful in his explanations
not to ignore the results of those physiologists who are attacking the problem of the
action of the central nervous system by methods other than that of the conditioned
reflex.*

There has been considerably less investigation of the conditioned reflex in human
subjects than in animals. Conditioned emotional reactions may be easily set up in
infants,10 as may feeding movements." In adults, the iris or pupillary reflex has

*K. M. Bykow & M. R. Petrowa, Die Latenzperiode des bedingten Reflexes
(German summary of the Russian original). Trudy physiol. laboratroyi akademika
I. P. Pavlova, 1927, 2, 147-149.

* Pavlov, op. cii.
' R. M. Yerkes & S. Morgulb, The method of Pawlow in animal psychology,

Psychol. Bull., 1909, 6, 257-273; S. Morgulis, Pawlow's theory of the function of the
central nervous system, and a digest of some of the more recent contributions to the
subject from Pawlow's laboratory, / . Animal Behav., 1914, 4, 362-379; G. V. Anrep,
The irradiation of conditioned reflexes, Proc. Roy. Soc. Land., 1923, 94B, 404-426;
C. L. Evans, Recent advances in physiology, 1926; H. Cason, The conditioned reflex
or conditioned response as a common activity of living organisms, Psychol. Bull.,
1925. **> 445-47*-

7 W. Bechterev, La psychologie objective (N. Kostyleff, tr.), 1913.
* H. Cason, op. cit.
* J. Beritoff, On the fundamental nervous processes in the cortex of the cerebral

hemispheres, Brain, 1924, 47, 109-145, 358-376; Ueber die individuell-erworbene
Tatigkeit des Zentralnervensystems, / . / . Psychol. u. Neur., 1927, 33, 113-335.

10 J. B. Watson, Behaviorism, zd ed., 1925.
u N. Krasnogorski, Ueber die Grundmcchanismen der Arbeit der Grosshirnrinde

bei Kiadem, Jahrb.f. Kinderhk., 1913, 78, 373-398; F. Mateer, Child behavior; a critical
and experimental study of young children by the method of conditioned reflexes, 1918.
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been conditioned to various stimuli," as well as the eyelid reflex.11 Bechterev, as
mentioned above, has studied conditioned withdrawal from shock. Investigators in
this country have established the same reflex." The conditioned salivary reflex in
man seems a little difficult to elicit in the laboratory." This may be due to faulty-
technique, as Lashley supposes.

While studying the problem of facilitation of the knee jerk, Twitmyer" (1902)
accidentally discovered that the knee jerk had become conditioned to the bell which
he used as a preparatory signal. After this accidental discovery, he established condi-
tioned knee jerks in six subjects. Dodge,17 on the other hand, failed to establish con-
ditioned knee jerks in several experiments. But Shevalev" apparently set up fairly
stable conditioned knee jerks in seven adults.

The history of the 'simple' or unconditioned knee jerk is long and controversial.
The knee jerk is the most easily elicited of the tendon reflexes, as well as the easiest to
record. Since the tendon reflexes depend so largely upon the tonic condition of the
muscle groups involved at the moment of stimulation, one of them, the knee jerk,
has been used constantly by the physician in general diagnosis. This same dependence
on tonic conditions makes it very sensitive to all other events in the central nervous
system. For this reason the knee jerk has also been considerably used by the physi-
ologist and the psychologist, especially in the study of facilitation and inhibition.
Fearing has discussed this question, and has also written a brief history of the knee
jerk from this aspect."

A complete history of the knee jerk has not been written,
nor for our purposes will it be necessary to do more than to
summarize briefly the three views that have been held of the
mechanism of the reflex.20 These three views severally main-
tain as follows:

a H. Cason, The conditioned pupillary reaction, this JOURNAL, 1922, 5, 108-146.
u H. Cason, The conditioned eyelid reaction, this JOURNAL, 1922, 5, 153-196;

R. Dodge, Elementary conditions of human variability, 1927, 68-69.
14 J. B. Watson, The place oi the conditioned-reflex in psychology, Psychol. Rev.,

1916, 23, 89-116; I. A. Hamel, A study and analysis of the conditioned reflex, Ptychol.
Monog., 1919, 27, (no. 118), 1-64; H. Cason, Psychol. Bull., 1925, 22, 459; G. Hum-
phrey, The effect of sequences of indifferent stimuli on a reaction of the conditioned
response type, / . Abn. W Soc. Psycho!., 1927, 22, 194-212.

11K. S. Lashley, The human salivary reflex, and its use in psychology, Psychol.
Rev., 1916, 23, 446-464.

u E. B. Twitmyer, A study of the knee jerk, 1902, Univ. of Pennsylvania.
11 Of. cit. inf.
U E . Shevalev, The associative-motor reflex of the knee (Russian), (Bechterev

40th anniversary commemorative volume, 1926, 105-124). [Original not available,
see Psychol. AbsL, 1927, no. 2158.]

" F. Fearing, A critique of the experimental studies of cortical inhibition with
special reference to the knee jerk, / . Comf. Psychol., 1927, 7, 285-296; The history
of the experimental study of the knee jerk, Atner. J. Psychol., 1928, 40, 92-111. See
also W. James, Principles of Psychology, 1890, Vol. 2, 379-381.

*° Since most of the references may be found in Fearing's history of the knee jerk
only those not mentioned in that article will be given here.


