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T H E  CLASSIFICATION OF NERVOUS RE-
ACTIONS1 

I r r  is within the memory of xnost of us 
what a ciistinct advance was made in the 
definiteness of oar thinking about nervous 
reactions when the introduction and im- 
provement of the Golgi method led up  to 
the conception of the neurone doctrine. 
Previous to that time our mental picture 
of the reflex mechanism was not essen-
tially incorrect ; but its conception of the 
nature of the connection between the sen- 
sory fiber and the motor nerve cell was 
indefinite. When the new histological 
method revealed the posterior root fibers 
entering the cord and by means of collat- 
erals ending in the immediate neigllbor-
hood of motor cells, there was revealed an 
almost cliagrammatic mechanisni which ex- 
plained many reflex phenomena; and we 
can recall the enthusiasm with which all 
proceeded to construct combinations of 
neurones to serve 2s the anatomical basis 
of the various known functions of the nerv- 
OILS system; indeed, we have been engaged 
in this fascinating pastime ever since. 

'Phis is ex:-tctly as i t  slionld $13, for only 
in this m7ay could the pos5ibilities of the 
new discovery be tried oat. There is 
clangel-, however, in anything which is at- 
tractively definite ; sometimes because it 
may belong among those things which are 
"too good to be true"; but more frequently 
bccause its successful explanation of many 
of the phenomena with which it deals may 
blind us to its failure to explain others; 

1 Aildrrss of the chairman and vice-president; 
of Section IZ (Physiology and Experimental Med-
icine), American Association for  the Advance 
liiel~t of Science, Philadelphia, December 31, 1914. 
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and I think there are to-day, even among 
those who do not follow Apathy and Betlle 
in their ~~ndiscrinlinatjng attaclrs on the 
neurone theory, many who arc seriously 
asking wllether the nenroiic conception of 
the reflex c~xhaasts the l~o'isihililics o r  nerv- 
ous mechanisms. 

For,  after all, the distinct service of the 
neurone theory is its explanation ol: the 
mechanism of reflcs action. It gives 11s a 
satisfactory ~xplanat ion of siirlple and 
even of hiqhly coordinat~d but  
there are still left problenis npon which its 
staunchest deJ?entl(,rs nil1 not elaiin that it 
throws r n ~ ~ c h  The contribution, for light. 
example, of the ct.rebrllnm to the execu-
tion of volitional or reflex actions is not 
self-evident in  term? of the theory; the 
mechanisms of reenIorcement and faciliia- 
tion (Bahn~zng) are no inore easily pic- 
tured now than before; and, ahovc all, the 
whole field of cerebral physiology mop bc 
said still to  be in thc same state as was tliat 
of reflex action before Golgi rnade tliat lor- 
tunate mistake of putting some piecvs of 
spinal cord which had heen hardened in 
Miiller's fluid into silver nitrate and be- 
held for  the first time a n c ~ v ecell in all its 
glory. 

The diwgramm;~t ic clcarncs.: of the pic. 
t a re  of the reflex mechanism th[-is revealed 
ha9 contrihuted lasgcly to our prcsent men- 
ta l  approach to thc 131-ohlcins oP nc>uroli:gy. 
a n  approach which is faithfully rcflectcd 
in our  text-book l>rcsentations ol' the sab-
ject. Thc firat texi-booli chapier is largely 
anatomical, chiefly histologiritl; the next 
c>hapter- deals with reflex actior* mhicl~ is 
presented to the  s t l~dea t  as par  csccllence 
the typical nervoas a d i o n ;  the treatment 
of thc sab,ject tllen proceeds from the sim-
pler rc~fl~xcs to ll~osc requiring a higher dr-
gree of cooldination; accustorncd imove-
ments, sucEl as those of locomotion, receive 
their explanation as an endless cllsii~ of 

rciltlxcs requiring l o r  its operation tliu 
~trl ioturcs of tlir iuirl- anti 't~vcen brains; 
finally the attempt to explain everything 
in tcrrns of reflcs action is cnrriecl into tlw 
field of cerebral physiology. Vith what 
success? One ha6 otily to rcad the text- 
buolis to find out. Some thirrgs. especially 
localization, are dnel t  upon a t  length; the 
possibilities of cuces.;ively complrx coorc11- 
nations are l)y llie i~rlatomicill R I ; L ~ ~ C S ~ P ~  

structure; but we rtliss entirely 1E1el satis-
faction 01 seeing th(. e e ~ e b r i ~ lfrticlions 
alcarly pictured in terms 01ncurone S ~ I ~ I I C -  
tine. Wc tracc tlic "way in" and the 
"way out": we see that the connection ltc-
tween the agerent and ~llnrr.cl~?tncrve fibrrr 
is in the cortex; but what talirs place in 
Ihe corl,ex:) Ts it ol~jeetiv(~1y nothin? more 
illan our typical reflex ~.:tisecI to tlie j ~ t h  
power of complesily:2 Perhap? it is; hut  
clocs any one feel reasorra1)ly sure of il ? 
]<'or one, T confess 1 do not. 

IIOIV~TT~I*I : I R ~  be -and I hevc nothat 
intention o f  disci~ssitlgthe qucslion---this 
much rnay eel*tainly be said. Wc know 
that there are ncrvolrs actions irbich are 
~ o treflexes a t  all ;  l'u~btherinor~, thcrc a r r  
nervous actions which trsually pass as re- 
flexes, although they PPCSCII~striliing and 
perhaps f ~ ~ n d n m e n t a l  clifferrlicepoitits of 
from the typical rcfles arc oE our nrnroue 
theoiy. Tlic jnstification of thesca state-
rnerlts will he a1tcmpleci in what follows. 
bTy prcscnt purpose ;incl indeed the pilrpose 
of' illis paptlr is to  challrnge tllc wisdom of 
inaking tlle reflex arc fhc~type 01all ncr 
vous action eithcr in oar  own thinking or  
i n  tlit~ ~)rescntatioil of thc subject lo stn- 
cleiits, and to suggest, that wr wonlil act 
morcl wisely l o  c l ~ l t i v a l ~a more open stale 
ol' inind nit11 i+vgarcl to the exihtcncc O F  
o t h e ~  possibilities. 

'Phis rliay bc dune, i t  scenlr to tnc, by 
c!~.anrillg sharply the di\tincltion a t  the oat- 
set between I ~ P (if nervoilspol lo^^ ing {'I~LSSPS 
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action : automatic, axon reflex, uncondi-
tioned reflex, conditioned reflex and voli- 
tional. It is not claimed that this list is 
exhaustive. The physiology oP such mech- 
anisms, for example, as the plexus of 
Auerbach is a t  present too little under-
stood to aclmit of successful classification. 
I t  is only claimed that the above are dis- 
tinct forms of nervous activity; that they 
are carried out by different mechanisms, 
and that, as such, they should be given co- 
ordinate rank in the student's mind. 

I n  the following discussion I shall not 
include any treatment of volitional action. 
I am concerned only with the proper classi- 
fication of nervous actions and see no rea- 
son for changing tlie all but universal 
custom of placing volitional actions in a 
class By themselves. I shall, however, 
dwell a t  some length upon the automatic 
action, the axon reflex, and then discuss 
together the conditioned and the uncon-
ditioned reflex. 

AUTOMATIC ACTIONS 

I n  general an automatic action is one 
which originates in tlle mechanism in-
volved and is not caused by any external 
influence acting only a t  the time of its oc- 
currence. The ticking of a clock is an ex- 
ample. I n  the field of physiology we think 
at once of the beat of the heart, although 
other no less striking examples are known ; 
a strip of the muscular coat of the stomach 
or intestine shows automatic contractions; 
and many of the processes of embryolog- 
ical development probably belong in the 
sanlc category. Contrasted with these are 
skeletal muscles and many glands which 
become functionally active only in re-
sponse to some sort of external stimulus, 
~ ~ s u a l l ya nerve impulse. 

Even in the case of the slceletal muscle, 
however, the external stim-ulus seems to act 
by causing the accumulation, and prob-

ably the localized accumulation of some 
physical or chemical condition within the 
cell leading to the discharge of energy 
Thus an attractive theory of electrical 
stimulation of slieletal muscle supposes 
that certain semipermeable membranes 
within the muscle fiber are more permeable 
to ions of one electrical charge than to those 
of the opposite charge; hence in the mi- 
gration of the charges to the two electrodes 
during the passage of a current there re-
sults an accumulation of electric charges 
at  these membranes; and when this has 
gone on to a certain extent, the electrical 
condition thus created explodes an unstable 
fuel substance, energy is liberated and 
contraction results. The passage of the 
stimulating current has merely produced 
tlie accumulation of what may be called 
the "discharging conditions" within the 
cell. 

I n  the automatic action these discharging 
conditions seem to accumulate without ex- 
ternal assistance, possibly as the result of 
certain metabolic processes in the cell 
itself. External conditions, such as tem 
perature, may influence the rate or the 
amount of discharge; but this does not 
make these external conditions stimuli in 
any true sense. Furthermore, we may 
speak, if we will, of the whole chain of 
events leadinq to the accumulation of the 
discharging conditions as an "inner stim-
ulus"; but this would seem to involve an 
unnecessary and even questionable exten-
sion of the term stimulus. 

An automatic r~ervous action is fre-
q~xently defined as a discharge from a nerve 
cell caused by some other external stim- 
ulus than that of an exciting neurone; but, 
if the cell is discharged by an external. 
stimulus of any kind, the action is not 
automatic. What we observe in such cases 
is activity, apparently, at  any rate, arising 
within the cell itself, and we have no more 



logical right to assume an  unrecognized 
stimulus than in the case of the ticking of 
a cbcli. I n  the absence of h w l e d g e  to 
the contrary, the presumption is that  the 
cell is discharged by the operation of its 
own never ceasing metabolism. 

I n  our usiral teaching as well as in our 
usual thinking i t  is cu~tonlary to take ac- 
count only of (1) the stimulus and (2) the 
reaction, and to regard each of these as a 
single process; whereas all the evidence 
goes to show that betwecn the ordinary ex- 
ternal stimulus, a t  any rate, and the re-
lease of errergy there is 11sua1ly interpo- 
lated a third process, which mre have ternletl 
the "acc~~mulationof discharging condi- 
tions" in our brief reference to the nature 
of electrical stilnulaf ion. We again nieet 
with the suggestion of a similar process in 
the case of stimulation by a nerve impulse. 
Langleyqs worli on the antagonism of nico-
t in  anti curare, as n-ell as that of Keith 
Llrcas on the 'kharacterist ic " of stinla-
latior) in different Ijssncs, has led to the 
assumption of a "receptive substance " in 
skeletal muselc. The action of xdrendiu 
also points to a similar "receptive snb-
stance" connected with the rndirtgs of the 
post-ganglionic automatic neurones. And  
yr t  is not this term "receptive substance" 
or "receptor" nlerely a name to hide our 
ignorance? and do we not really mean EL 

physical or chcmnical process carried out 
by the cell protoplasm, as a whole, rather 
than a specialized irritable substance; a 
procesg, in otEier words, which rcsults in the 
accl~.malation of "discharging conditjons"? 
If this point of view is correct we must clis- 
tingnislr sharply b c t ~  eel1 the stimuiate? 
action and the automatic action; they are 
alike in the s e c o ~ ~ d  and third of the above- 
mentioned processes; they differ in that  
the accnmulntion of discharging condi-
tions comcs in  the stiniulated action as the 
result of an  exlernal influence (electric 
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shocli, nerve impulsc, or mechanical blow), 
while in the automatic action i t  results pre- 
sumably from the cell metabolism. 

I n  the central nervous system the best 
known and most successfnlly studied case 
of automatism is that of the respiratory 
center. The conclusion wliich Rosenthwl 
dwcw from his esl~eriments, that the nerve 
cells of this center send out rhythmic dis- 
charges when ren-roved from all connection 
with afferent n~vves ,has been confirmed by 
all s~rbseqlxent work, the experiments of 
Winterstein being especially conclusive on 
this point. Ilcre again 1ve are probably 
rlcalillg -cvitll the cievelopment within the 
nerve cell of clischargjng conditions which 
rnay be influcncecl by the character of the 
environment, such as the tension of car-
bon dioxid or the concentration of hy-
drogen ions, or teniperature or the pres- 
ence of certain drugs; and we may repeat 
that there is no justification for spcaltixlg 
of these as stimuli, as we generally do. So 
f a r  as the fact.; go, we lnay logically re- 
gard them only as external conditions 
which regulate the ratc of developnicnt of 
the autoniatic cell processes or the charac- 
ter of the clischarge which i t  wolces from 
the rell. 

Until recently no other case of automatic 
nervous action 1%-as known. Some may 
liavc been suspected i n  the vaso-motor sys- 
ten? or in the myenteric plexus; but no 
Pacts compelled the conclusion that they 
must be regarcied as automatic actions. 
Eecently, however, facts have co111e to light 
nhich argue strongly for an automatic 
hasis to the ncviTous mecEianisrr~ of locomo- 
tion. These movements, as already stated, 
haye in the past presented to us the pic- 
ture of an endless chain of reflexes, in 
which the afferent neurones are mostly the 
nerves of muscular sense, the complex of 
instreaming afferent impulses, ever chang- 
ing as the movement proceeds, giving the 
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appropriate stimuli to the successive move- 
ments, which eventually come back to the 
starting point and so lead to the repetition 
of the series. To avoid misunderstanding, 
it may be well to say a t  the outset that no 
one clenies that afferent impulses play an 
important r81e in locomotion. The phe- 
nomena of locomotor ataxia are conclusive 
evidence on that point; but so do afferent 
impulses over the pulmonary fibers of the 
vagus nerve play an important r81e in 
regulating the fundamentally automatic 
discharge from the respiratory center, with- 
out being i11 any way its exciting cause. 
The work of T. Graham Brown2 suggests 
that the same thing is true of the rhythmic 
movements of locomotion. Brown shows 
that in a certain stage oP ether narcosis in 
the decerebrate animal, when reflexes can 
no longer be elicited from the afferent 
nerves, rhythmic n-iovements of flexion and 
extension occur in the hind legs; and 
furthermore, that these movements occur 
after the afferent nerves Prom the moving 
limbs are cut. In  other svords, these move- 
ments which suggest the basis of the move- 
ments of locomotion, involving as they do 
the alternate rhythmic action of antagon-
istic groups of muscles, are executed by 
efferent neurones without any stimulation 
from afferent neurones. They constitute 
an "endless chain," but not an endless 
chain of reflexes. 

This discovery seems to me to be of suffi- 
cient importance to justify dwelling upon 
i t  a t  some length; and in order to obtain a 
clear picture of the possibilities, we may 
give briefly Brown's very plausible hypoth- 
esis of the nature of the nervous mechan- 
ism involved. A movement of this lrind 
consists fundamentally in tlie alternate 
contraction of antagonistic groups of 
muscles. We may denominate the nerve 

2 T. Graham Brown, Journal of Physiology, 1914, 
XLVII., p. 18. 

cells innervating each antagonistic group 
as a half-center, the two together making 
the entire nerve center for the given move- 
ment. Brown supposes that each half-cen- 
ter sends inhibiting collaterds to its an-
tagonist (reciprocal innervation of Sher-
rington), so that when the flexors, for ex- 
ample, are being excited, the extensor 
neuro-muscular mechanism is inhibited. 
He then assumes that the efficiency of this 
inhibition rapidly diminishes-somewhat 
as the heart escapes from vagus inhibition 
-either by the fatigue of the inhibitoiy 
mecha~lism or by the increase of the dis- 
charging power of the inhibited cells. The 
result ia that in a short time the inhibited 
center breaks throi~gh its inhibition, ex-
cites its muscles to contract and a t  the 
same time inhibits the previously active 
antagonistic half-center.3 The repetition of 
these processes leads, of coui-se, to the 
rhylhnlic moven~ents referred to. 

Brown further raises the very interest- 
ing question whether these automatic actions 
of locomotion do not present a more primi- 
tive form of nervous activity than the 
reflex. IIe points out the difficulty of 
imagining the origin of a reflex arc by nat- 
ural selection, since neither the afferent 
nor the efferent limb would be of any use 
to the animal without the olher; and i t  is 
alniost impossible to conceive of both aris- 
ing a t  the same time by any assumed proc- 
ess of evolution. It is fa r  more easy to 

3 This theory assumes that the cells of both 
half-centers are antomatie and subject to  the same 
environmental conditions (e. g., tension of carbon 
diosid) governing their dischargo. I f  both cen-
tera were in exactly the same physiological condi- 
tion and subject to the same environmental con-
ditions, they would discharge simultaneously and 
alternate rhythmic contractiolls of antagonists 
,would be impossible. This condition of equal irri- 
tability, however, is  rarely realized. When it does 
not obtain, one half-center will discharge first and, 
as explained, inhibit for the time being the dis- 
cha.rge of the other. 
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suppose that the primitive nervous meclian- 
ism is the atxtomatic one seen a t  work i n  
the movenlents of narcosis progression. 
These would serve in the simplest animals 
the purpose of progression which nlay rea- 
sonably be rcgarded as among the first 
functions of coordination a nervous system 
~vould be liltely to serve. In other xvorcls, 
the ncrvouc; mechanism of locomotion, like 
1,he nervous mechanisni of respiration, is 
fundamentally nn automatic mechanisni. 
Later on aflerent nelarones are addecl to it, 
coinparable to those of the pltlnionary 
branches of the vagns. I n  this conllection 
it is 111ost significaiit that in general the 
same conditions so f req~~ent ly  to as 
stimnli of the respiratory center--lack of 
oxygen, excess 01 carbon clioxici, ctc.- arc 
the very conditions found to favor t l ~ c  
niovenients of narcosis progression. 

If,  then, to the respiratory center, which 
has thus fa r  stood in lonely glory as the 
one fully established example of nutoniatic 
nervous action, me milst add the fundn- 
mental centers of locomotion, the thouqht 
at  once sugqests itself that renewed investi- 
gatio~l may find the same thing true 01 
olhcr actions which in the past wc h a ~ etoo 
complacently catalogued nrtder the lieacl of 
reflexes. The field thus opened np is n 
large one. 

AXOhT REFLEXES 

'I'ext-books or physiology usually record 
two observations, one by liangley. the other 
by Bayliss, ml~iclr were not suspected ~f 
bearing any relation to each other and both 
of which have been difficult to fit into the 
orl2iodos scbelnc of nervous action. So far  is 
th is  true that T~angl~y's  axon reflex has 
been rcleqatcd to the iaglorions place of a 
laboratory curiosity which plays no rBle 
in normal life, while Enyliss's l>roposcfl 
theory of anfidromic impulses has b e ~ n  
treated with a polite bnt uncompromising 
skepticism. 

The axon reflex is a reaction made pos- 
sible by tbe branching which generally 
takes place at  the end of an axon. Inas-
much as nerve fibers can conduct impulses 
in both directions, i t  follows that stimula- 
tion of one of the terminal branches will 
start an imprllbe traveling up to the point 
of union ol' the two branches, ar~cl then down 
the other branch to the end organ. The 
axons to a frog's sartorius, for csample, 
branch soon after entering the mnscle and 
it often happens that one branch mill go to 
one side of the muscle, while another branch 
of the same nenrone will pass to the oppo- 
site side. If, now, the lotvev third of the 
rnusele be divided loiigituclinally, it is 
found that a stirnulus applied lo one half 
so as to excite its ncrve fib(~r-s will cause 
contraction of' the opposite half of the 
muscle. The same t h i ~ ~ gis rendered pos- 
sible tvhenever a preganglionjc effererat 
neuroue passes throi~gh several sympatlictie 
ganglia, giving of£ collat-crals to postgan-
glionic neuroncs in siiccessivc ganglia; in 
this case stin~~zlation of the terminal branch 
of the preganglionic nenrone will start an 
impulse e~ntripetally and excite, through 
the collaterals, the cclls with which these 
collaterals arc connected. It  is also well 
known that one must be on his guard 
against axon reflexes in testing the regen- 
eration of nerve fibers, for it often happens 
that in the process of regcueration an axon 
of the central strxmp may branch before 
entering the peripheral stump; if these 
two axon branches find their way into dif-
ferent branlches of the peripheral nerve 
trunk, stininlation of one of t l l~se  branches 
may give an apparent, refles, \vhiclr, how- 
ever, is only an axon reflex. 

These and other examples that inay be 
cited are, however, only laboratory curiosi- 
ties. Where thc two branches of the axon 
end in a muscle or a gland neither branch 
can be stimulatecl. a t  its ending except by 
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artificial means. If, on the othcr hand, the 
same axon should send one branch to a 
sense organ and another to a muscle, or 
gland, or blood vessel, we would have the 
possibility of an axon reflex as a normal 
event. Recent worlc suggests that this pos- 
sibility may be realized. 

I n  1901 Bayliss4 found that stimulation 
of the posterior roots of the sacral nerves 
between the ganglion and the cord produces 
dilation of the blood-vessels of the hind 
limb. The natnral explanation of the re- 
sult, that certain vaso-dilator neurones 
may sencl their axons out by the unusual 
path of the posterior instead of the ante- 
rior nerve roots, was disproved by the fact 
that if the posterior roots are cut near the 
cord and degeneration allowed to occur, 
stimulation of the peripheral stump of the 
cut root still produces the dilation. I n  
other words, the ganglion of the posterior 
root is the trophic center for some of the 
essential fibers concerned. From consid-
eration of the known histological possibil- 
ities Rayliss concluded that the fibers pro- 
ducing the dilation are the ordinary affer- 
ent fibers from the pear-shaped cells of the 
ganglion, the distal axon being supposed to 
branch at  its ending, one branch going to 
the sense organ, and the other to the blood- 
vessel. IIe furthermore supposed that in 
adclition to serving as a trophic center for 
the dfferent fiber, these cells may he reflexly 
stimulated by othcr afferent fibers and thus 
discharge "antidromic " impulses to the 
periphery; snch ilnpulses passing over the 
branch to the blood-vessel produces the 
dilation, while the inlpulse over the branch 
to tlie sense organ would be without effect 
("law of irreciprocal conduction"). Phys-
iologists have, however, lool<ed askance on 
this conception of antidromic impulses, 
even as a worliing hypothesis. 

4Baylis8, Jozcrnal of Plzgsiology, 1901, XXVI., 
173; ib., 1902, XXVIII., 276. 

The very important experiments of 
Bruce15 however, put the matter in a new 
light. I t  is well known that when an irri- 
tant is applied to tlie skin, a dilation of' the 
arterioles (active congestion) ushers in the 
inflammatory reaction. Bruce shows that 
this will not occur if the area to which the 
irritant is applied is first rendered anes-
thetic with cocaine. I t  will occur immedi- 
ately after section of the anterior roots or 
of the posterior roots, either centrally or 
distally of the ganglion; hence it is not a 
reflex through the cord or the ganglion. I t  
will not occur, however, after the comple- 
tion of the peripheral degeneration conse-
quent upon section of the posterior root 
distally to the ganglion. In  other words, i t  
would seem to depend solely upon the integ- 
rity of the distal limb of the neurones of 
the posterior roots, and to be independent 
of any nerve cell whatever. This would 
seem almost to forcea the conclusion that 
we are dealing with an axon reflex. The 
posterior root fiber branches, as Rayliss sup- 
posed, at  its ending, one branch going to 
the sense organ while the other serves as a 
dilator of the arterioles. The same fiber, 
probably one of pain, which carries the 
afferent impulse giving rise to the sensation 
of irritation produces also the active con- 
gestion of the region through its vascalar 
collaterals. 

If these observations prove well founded, 
tlie axon reflex becomes a reality in the 
normal fu~lnctioning of the organism. in-
stead of a laboratory curiosity. nroreove~, 
the facts discovered by Bayliss receive their 

5A. Ninian Bruce, Qua r t e~ ly  Jour?~al  of Erp, 
P7bystology, 1913, VI., p. 330. 

6 The m i t e r  can imagine only one other possibil- 
i ty;  namely, collaterrtls given off from afferent 
fibers distally to  the ganglion may enter llie 
syrnl-Jathetie gangha, ~ ~ h i c h  thns aswould serve 

1efle.i centers. No snch collatclz~l conlmunications 

in nerve trunks have, hornever, been described. 

Indeed i t  is the usual teacliitig that nerve fibers 

branch ouly in the ganglion or a t  their end in::^. 
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ready explatlation without the help of the 
hypothesis of antidromic nerve impulses. 
Furthernlore, if the axon reflex is the 
foundation of this irrflammatory reaction, 
we may well investigate other reactions 
which in the past have becn classed as re- 
flexes, but upon inadequate evidence. Xo 
long as the reflex was supposed to be the 
only means by which stimulation of a pe-
ripheral sense organ can evoke a noa-voli-
tional reaction in another organ, all such 
1.eaetiol1s lravc hccn classcil as rt'flexes, and 
this q ~ ~ i t e  frecluently without esperimental 
proof. 

CONDITIONED AND UNCONDITIONED REFTJRXES 

Purpose of this Paper is to em-
phaai~e neglected aspect3 of nervous action. 
IT@nec our treatment of proPerly 
SO-called, will be corlfined to emphasizing 
the fact that we pro'r~ably include in the 
category of the reflex ex70 entirely different 
Binds of nervous reaction. 

chief point of difference in the above defi- 
nitions the question whether ure should ex- 
clucle from the category of reflex action all 
cases where the nervous proccsges con-
cerned in consciousness play, or seem to 
play, a causal rBle in the chain of events; 
for there are nervous actions 1%-11ich are in 
no sense volitional; which have an aflerent 
ancl an efferent side, and henco resemble 
rrfle:<es; but in which we encounter the 
nervous actions concerned with eonsciou+ 
nes9. 'I'hc example ~ ~ l l i c h  a t  once occurs to 
us is tho so-called psycl~ic secretion oC saliva 
and gastric juice. 'Po these we ~vould add 
tho no less striking case, brought to our 
attention by Cannon, of the stimulation of 
tlze of adrenalin as the resrxlt of 
the nlnjor emotions o r  fear anger. ln 

all these eases there is the absence of cou-
scjous intelltion; indeed9 the subject is un- 
aware tllat tllc act olsecretion is taking
*lace; alld thc~ process is the 

starting point of the eRerent clischarge. 
II is an interesting fact that so ~ ~ ~ ~ l o n  Shall we or shtl]l XlotcallsueEl 

a phenomena as refiex action is somewhat 
loosely defined in our thinking. One will 

call it an action broaght ahout by the stimll- 
lation of efferent neurones by one or more 
affercnt nelauones; another will add to this, 
"without the intervention of t h ~  will"; 
another will add, "without the cansal inter- 
vention of consciourness"; while still an-
other triill add, "without the causal inter- 
ve~t ion  of consciousness or the will." 
These four definitions are by no nleans 
identical, as T hope to shoh~~. All of them 

have in comlnon ihe fact of stimulation of 
efferent by zrfferent neuroncs, stimulation 
being si~pposed to i~lclude both escitatiorl 
and inhibi'riori, arid jt being ass~~lned that 
any number of intermediate neu:uuones 

(first, second and third order- etc-) may 
interposed betnreeu the afferent and the 
crferc~it nt,rxres concerned. .fill would ex-
rllxtIe the will from any causal connection 
with the reaction, 2nd this leaves as the 

refles actious? 

~ h ,an,,er to this cluestion is, course, 


cnijrely a matter of arbitrary definition. 
xf we exclude the callsal interposition of 
consciousness7 from the reflex, such reac- 
tions arc not rc~fleues; i l  .eve do not exclude 
;L, aPc, '!?he decision in an nrbi 
trary matter, moreover, is deierrnined on 
pal-cly ntlliharian grounds. Laefirlitions 
eXibtolllyto insl.nre elear thinking by Ireep-
i,lg separate and distinct those things llav- 
ing f,,n,iarI1~ntnl point of difference. 

~h~~ many .ilrollltl have us believe ifhat thcre 
iqno reallyfurtc~anlentaldifference between 
le[les and acts; that the efferent 
discharge in tjle simplest reflex is aaccom-
panied by a momentary flash of something 

that rorr.esponds to conscious intention; 
rrO a cumbersome expression, the Nard 

,,,,clc,,,,,,,5i ? U L C ~f ~ , ~ ~ , ~ , , t i y  for  thr "'ncrv-

aui  events co~lriectedwith the bt:rto of rouscaious 

ness." 
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and that there are all gradations between 
this and the highest development of the 
human will. Perhaps they are right; we 
will not argue the point; but nre neverthe- 
less retain our two categories of reflex and 
volitional actions, because so long as this 
conception of volition is a pure hypothesis 
it is unwise to forget that what are sub- 
jectively different may be objectively 
different as well. 

The same principle of definition should 
be applied to the case under discussion. A 
reflex from which consciousness is entirely 
absent and one in which consciousness 
seems subjectively to play a causal rGle 
may, from the objective standpoint, be one 
sad the same thing; and yet so long as this 
is only one of two opposing tenable hypoth- 
eses, it would seem to be the sensible thing 
to malie a distinction between them. 

One of the world's most eminent phys- 
iologists does indeed make such a distinc- 
tion. I refer to Pawlow's differentiation 
between the unconditioned and the condi- 
tioned reflex. I can hardly think that 
Pamlow's very striking experiments upon 
which he bases this clistinction are unlinown 
to physiologists generally and all will agree 
that he is a man whose opinion should com- 
mand attention; yet I find no notice what- 
ever of this matter in the three admirable 
text-books of physiology which are most 
widply used to-day in England and Amer- 
ica. Because of this and in view of the 
fact that this address is to a semi-popular 
andience I shall go into this matter at  
somewhat greater length than if I were 
spealiing to specialists in neurology. 

The distinction between the conditioned 
and the unconditioned reflex is well illus- 
trated by the excitation of salivary secretion 
through the nervous system. When the 
taste endings are excited by food in the 
mouth, a purely reflex flow of saliva results. 

The work of DIiller8 seems to establish the 
existence of definite bulbar centers for this 
reaction, the gustatory fibers of the lingual 
and the glossopharyngeal nerves serving as 
the afferent neurones. On the other hand, 
the mouth may water "at the veiy sight of 
food." Ilere the afferent stimulus comes 
through the optic nerve, but it differs from 
that through the gustatory fibers in the fact 
that the reaction is secured only in a con-
scious animal. It is also more capricious in 
its occurrence; the whole setting of the 
nervous system must be right to have i t  
occur at all; the subject must be hungry, 
the food must be appetizing, it is m?re apt 
to occur at  the accustomed hour for meals. 
Tn short, a certain state of consciousness 
must exist to insure effective connection be- 
tween the afferent optic neurones and the 
secretory efferent neurones. I n  the uncon- 
ditioned reflex the nervous processes con- 
cerned in consciousness are in no way in- 
volved; i t  will take place in a decerebrate 
animal and may occur under anesthesia; 
it is a rare thing that the application of the 
proper stimulus fails to elicit it, although, 
like any other reflex, i t  may be inhibited, 
as in the old rice test. Above all, it is not 
easily lost by disuse, perhaps never perma- 
nently lost except by some actual atrophy 
of the neurones involved. 

In  a remarkable series of experiments 
Pawlowg actually cleveloped in animals 
conditioned reflexes which could by no pos- 
sibility have formed part of the previous 
life of the animal or of its ancestors. Every 
time a dog was fed, a piece of ice was ap- 
plied to a certain part of its skin. I n  the 

8 F. R. Miller, Quar. Jour. Experime?ztal Pl~ysi-
ology, 1913, VI., 57. 

Pawlow, I. P., IIuxley Lecture for  1906, Frit-
ish Medical Journal, 1906, Vol. II., p. 871; Lancet, 
1906, Vol. 171, p. 911; SCIENCE, S.,190G, N. 
XXIV., p. 613; see also Pawlow's artieles on the 
same subject, Ergebnisse der Physiologic, 1904, 
III., 1, p. 177; ib., 1911, XI., p. 345. 
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course o f  time (ten days or two weeks) the 
application of the ice to the same cntaneous 
area would evoke a flow of saliva without 
the formality of feeding. The application 
of ice to other parts of the skin was also 
effectual, apparently beca~zse the senfia-
tions of cold concerned in  the result were 
not local, b a t  more or less generalized. In 
another series of experiments a note of a 
certain pitch always accompanied the ta- 
king of food, ancl this stirnulns, loo, after 
sumcient repetition, could evoke the flow 
of saliva, while a note of distinctly clifferent 
pitch was ineffectual. The reactions tlirrs 
acquired were soon lost with disuse, al-
though it is possible thilt if the "trailling" 
had been contimred over much longer pe- 
riods of time the reactions might have 
become more firmly fixed; it is even con- 
ceivable that they may talic place in the ab- 
sence of corlscionsness; that IS to say, with- 
out the participation of cerebral centers; 
but these are questions which, so f a r  as I 
am aware, experiment has not yet answered. 
Finally, they are more or less capricious; 
not infrecluerltly the acquired response to 
t l ~ e  stimulus does not occur, thuc; contrast- 
ing with the resporls~ to gustatory stimu- 
la1 ion, which scldom fails. 

I n  what way is this type of reaction ac- 
quired? ' k c  phenomenon of reenforce-
ment (of the knee jerk, for  example) shows 
tha t  activity of any one part  01the new-  
ous system causes thc irradiation over the 
entire brain and eord of some exciting influ- 
ence which, though itself miuimt>l or even 
subminimal, yet adds itself to any othcr 
stirnulns that may enter about the same 
time. Pawlow's work seems to sliow, more- 
over, that, when two nerve CCII~PJ:I: are 
habikrally active a t  the same time, there is 
beaten out a path of conclnct4on between 
the two, the two beeoine "associatetl" so 
that activity of the one is liable to excite 
activity of the other. When, for  example, 

the knee jerk is rcenforcecl by stinjulus of 
soulld, not only does such a n  irradiation 
from auditory centers pass to all parts oF 
the nervous system, the sacral motor eenters 
inclucled. bnt onil also irradiates from the 
sacral centers to all paris of the nervous 
system, the auditory centers included; and 
just as when there a13etwo lights in a w n o r ~ ~  
the path between these lights is the most 
intt:nsely ill unlinated porticorr of t l ~ c  roolri, 
so in the case in  question the palh between 
the two centers is most strongly in the ex- 
cited statc. If now this same combination 
of activity be repea led over and over again, 
this path beconies more irritable and con- 
d ~ ~ c t i v e1)y use until we arrive a t  the con- 
dition shown in the above experiments of 
Pawlor:- xrrherc activity of one ccnter of 
itself, excite activity of the other. It would 
indeed bc intercstinq to know TT-hcther,jnst 
as clapping the piece of ice on the skin 
evoked a secretion of saliva, so the dog ex-
perie~lced a sensation of cold every time he 
ate. 

The path of conduction or  association 
thus eslahlish~d is presnniably through tlie 
gray matter, perhaps with the hrlp of the 
short neurones o l' the horder m n ~ s  OUPlo 

present 1cno.ivledqe of the anatomy of the 
nervous system is inadequate to give a satis- 
factory idea of the incel.lanism involved in 
the development of this new pat11 of con-
duction ; hnt i t  is incnnccival~le that the 
anatomical basis of the plrgi.;ioloqical con-
nection between the centcrq in question 
slloulil be the same as that piclured in the 
typical reflex arc of the test-book.;. Apart  
from the improbability of the clevclopment 
of rrew nrixrones, the ohsc~17cd facts of the 
capriciousness of the reaction and the ease 
with which, once acquired, it is lost by dis-
use detcminc as the logical course its pro- 
visional classification in a group of its own. 

10 One thinks of thc "ncnropile" of some bis-
tologists as a possll)le L ~ ~ s n cin w h ~ e hthis path i s  

k~laeed. 
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To look at  the matter from another point 
of view, the present state of our knowledge 
l ~ o u l dseem to indicate that the typical re- 
flex 01our text-books, the unconditioned 
reflex, is a congenital mechanism. The 
neurones concerned and the collateral con- 
nections of afferent and efferent limbs are 
born with us. I t  may require practise to 
bring the mechanism into perfect working 
order; but practise does not produce a new 
neurone nor have we any reason for think- 
ing it can produce collateral connections 
which were not already laid down by hered- 
ity. The nervous element in locomotion is 
a case in point. The colt wallrs from the 
moment of birth; a human baby not until 
its second year, and then only alter arduous 
trial anci effort; but this does not mean 
that the nervous mechanism is congenital 
in the one case and acquired in the other; 
it merely means that the congenital nervous 
mechanism is in complete worlring order 
at  birth in the colt, while in man either 
embryological development is not complete 
until later or else use is required to make 
congenital synaptic connections efficient. 
Despite the immemorial antiquity of the 
expression "learning to wallr," i t  may well 
be questionect whether any child really 
learns to wallr; whether the facts observed 
are not equally well explained on the theory 
that the child finally walks simply because 
at  last the embryological clevelopment of 
its nervous mechanism of locomotion Is 
complete, as is that of the colt a t  birth; 
and that the improvement which appar-
ently results from its efforts is in point of 
fact merely the record of the progress of 
ontogenetic development. 

With learning to talk the case is entirely 
different. Here there is no inherited mech- 
anism leading to a uniform result in all 
individuals of the species. One child learns 
to speak English, another German, another 
Russian ; and if the English child had been 

talcen after the first few months of its life 
to Russia and heard nothing but Russian, 
i t  woulci have learned to speak Russian as 
perfectly as i t  actually learned to speak 
English while growing up in its native 
country. In  this case heredity has f u ~ -
nished a nervons system capable of ac-
quiring just such associations as those de- 
scribed in Pawlow's experiments; lve are 
dealing with a process in every way com- 
parable to the conditioned reflex. 

Finally, if the distinction between con-
ditioned and unconditioned reflexes upon 
which Pawlow insists is correct, some old 
statements which take us back to our very 
introduction to the study of physiology 
need revision, or a t  least more accurate re- 
statement. When we spealr of "habit being 
an acquired reflex" we really mean an ac- 
quired conditioned reflex. There is no rea- 
son for assuming that the reflex acquired 
by the repetition of volitional acts is the 
typical reflex arc; indeed there is every 
reason for believing the contrary. Paths 
oP conduction become blazed between dif- 
Perent lower centers because they are si-
mnltaneously excited in the volitional execu- 
tion of an action, and a mechanism is 
acquired of whose nature we know next 
to nothing, but through which the act 
can be performed more and more easily 
with less and less conscious effort-or, in 
physiological language, with less and less 
participation on the part of the higher 
centers of the cerebrum. We are not con- 
cerned with the psychology of this phenom- 
enon, much less is this the place for spccula- 
tion as to the physiological mechanism in- 
volved. We are simply concerned with its 
classification as a distinct thing from the 
ordinary ~~nconditioned reflex. 

Perhaps when introducing this discus-
sion of reflexes 1 laid undue emphasis on 
the r81e of consciousness in the acqaisition 
of conditioned reflexes. I n  the examples 
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cited the nervous events associated with 
the  state of corlsciollsness do indeed play a 

r61e. ~ f ,however, the 
tial thing about is what ,ve 
have suggested, namely, tha t  the eonnee-
tion between aQerent a n d  effc!~ent fibers :s 
a, path through the  nervous sub-
stance ra ther  than a definite localized con- 
cirretion through specialized neurones, ;t 
would seem that  consciousness comes so 
frecyueutly into play merely because i t  is 
t l l r o ~ ~ g htbe  nc2rvous substance of tlie cere- 
hrlxnl tha t  wlcil paills can be blazed most 
renclily, a n d  the activity of cerebra] centers 

carries with i t  as a usual t h i ~ i g  a state of 
consciousness. TI' this 1)e tnxe there i s  n o  
reason why eondit.ionecl reflex a9.;oriationa 
may not bet'vce11 sl'bcolatical as 
a s  between cortical centers; i t  is only ncces- 
sary  tha t  t he  centers be simnltal1rous~y ac- 
ti,,, reflexly or otherwise; 8114 possibly 
some cases of associated action of two bul- 
bar or  spinal centevs--rcspjratory arid 
vase motor,or respjratory and cardio-ill-
l-ii~,itov-may be of this kind ra{,her than 

distinct collateral connections kx4wecn tlie 
neurones of the  two ce~iters. This is, of 

course, ssnrmise,blnLit is a 
possibility and certainly there is no evi-

of Industrial Research and School of Specific 
Industries of the University of Pittsburgh, 
was formally dedicated on February 26. This 
building, the gift of Messrs. Andrew William 
and Riclrard Beatty Mellon, of Pittsburgh, was 
especially designed for  the needs of the insti- 
tlllf; it is distjnctlg moderll in eT(,yy ect, 
and complete facilities are provided for tlze 
investigation of problelns ancl 
for conducting indlzstrial research accorcling 
to tlie prnctical systeliz of cooperation between 
science and industry, foundcd by the late 
dircctor of the institute, Dr. Robert Kennedy 
Duncan. By this systcnl, an i~iclustrialist hav- 
ing a 1)roblern rewiring solution may becolne 
the rlonor of a fcllowsliip by provirling tho 
salary of Llle rcsearchcr selected to carny out 
tlle iiirrcstigation desired, the incitituic~ supply- 
ing ever:i for the boratrrry 

,pace, tlie necessary appnratixs altd supplies, 
library Earilities allr3 iLtivicc of a staff eqlert 
in illdnqtrial rc~enrrh, ctc. 

The liem home of t l ~ c  'i\fcXlon Institute is a 
five-story ancl attic building. Tho baseriient 
contnillr SeVCrl ToonlS : tllc maill storfroom, the 
boiler room, the clectric funlacc, room, a heavy 
apparatuwoom, a room erluippecl fo r  low-tern-
perati~re worli, tEic mnehiil~ sllop ant1 a 
kitchen. 011 the first, {he main flooT, arc lo- 
catcd the general office, the director's s~rite, 
the oEce of tho editol-iil] tlepal.tment, the li-

brary, the (,fice and laboratory of the 
clence h hat ever to exclnde it. w e  h a ~ e  directors, the nsserribly hall, a special apparatus 
been too quick to assume tha t  coorclinatious room and a dark-morn la1)oratory. The. srcqnil 
a rc  always cflccted by the  same n~erhanjsm, ancl third floors each contain ten large research 
ancl tha t  too the  liincl of rnccllanism pic-
lured in our  tYI)iCB1reflexarc. An un-
proved assllmption; and  so longas it is an 
unproved assunrption i t  is the  loqical thing 
to lrccp i n  separate categories the two 
classes of readiorrs which to-day are  almoqt 
universally thonght of a s  one a n d  the  same. 

TIIEODO~EHOUGII 
UNIPXRSITYOF VIRGINIA 

~ 1 1 ~  TJTE  NEW BUILDINGD E ~ I C ~ . ~ ~ I ( ) N  
OF T B E  JfELLON I X S T I T Z J T E  

TITCilew $350.000 bnilding which will form 
tllc pernlanent home of the alellon Institute 

Iaboratorics ant1 nine small oncs; the fourth 
floor, which is not finished, will contain an 
identical nurnl?er of laboratories as soon as 
the growtll oi' tlle institute warrants its com- 
p1etion.l At the present time twenty-three 
fellowships are in operation and forty research 
clrcrrliats arc engaEerl in a study of the variety 

probl<,ms under investigation at 
the institntc. 

TVhile the Mcllon Institute possesses an en- 
domrrieiit of its own and ha.: its own board of 
trustees, i t  is a n  i t~trgral  part of the IJnicer- 

1 For a fu l l  description of  the new building of 
the l\Iellon Institute, see Thr Joz~rnnl of Industrial 
anrl flltgcneerif~g Chernislry for April, 1915. 


