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THE TIME-RELATIONS OF MENTAL PHENOMENA.

[Continued from p. 150.]
Association Times.

WHILE the effect of the association between stimulus and
movement upon the time of the re-action has been "already
discussed, the process of association forms so important &
factor in our mental life, that it requires a more specialized
and independent investigation. '

(1) Questions with but o Single Answer.
view an adaptive re-action under the aspect of a ‘‘question
and answer;” the stimulus being equivalent to the question,
‘' What, with regard to certain points, is this impression?’
and the answer, whether indicated by a name, or word, or
movement, is given in the re-action. Our problem is to in-
vestigate the time-relations of these questions and answers,
as an index of the readiness of the association between the
two. The processes intervening between the appreciation of
the question and the formulation of the answer may vary
greatly in complexity and character. A common character-
istic of the re-actions hitherto regarded consisted in the fact
that the material for forming the answer is simply and di
rectly supplied by the stimulus itself: it is in the main a
verdict regarding the particular nature of sensation then
present. The re-actions to which we now pass all include
something more than this; and the formulation of the an-
swer involves to a greater or less extent more complicated
forms of mental activity, and depends more or less upon the
past experiences, the special habits and tendencies of mind,
of the individual.

‘While the line of division between the direct appreciation
and the indirect interpretation of a sense-impression cannot
be rigidly drawn, and while it is no less difficuit to decide
what processes are involved in this interpretation and elabo-
ration of the sense-impression, yet we may with sufficient
precision mark out as the first class of associations {a) those
in which a simple act of memory plays the chief rdle.
Thus, when Cattell, instead of naming a picture in his own
language (which he does in 5456), names it in German (in
6940), the difference in time is needed for calling to mind
the German name, and measures the strength of this asso-
ciation. Berger’s acquaintance with English is less than
Cattell’s with German, and accordingly with him the differ-
ence between naming a picture in the vernacular and in a
foreign language is greater (4776 and 6496). The transla-
tion of a short familiar word from English to German occu-
pies Cattell 6866; from German to English, but 5800; the
time for long and less familiar words being much longer
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(we may obtain the portion of the time required for the act
of translation alone by subtracting from this the time to see
and name a word, 428G ). Such operations as addition and
multiplication, when confined to numbers of one place, can
hardly be more than acts of memory. Cattell adds such
numbers in 3360; Berger, who is a mathematician, in 2210.
The former multiplies them in 544¢; the latter, in 3895.
Vintschgau’s three subjects multiply such numbers (though
under different conditions) in 2336. More complicated types
of ‘‘memory re-actions” have been performed by Cattell and
by Miinsterberg. . The former determined in separate series
the time necessary, when given a city, to name the country
in which it was sitnated (4626); when given a month, to
name the season to which it belongs (3106), to name the fol-
lowing month (3896), to name the preceding month (83206);
given an author, to name the language in which he wrote
(8500) ; given an eminent man, to name his sphere of activity
(8680). Miinsterberg constantly varied the type of question
including such as the above, the position of cities, the quali-
ties of objects, the relations of men, and many others, find-
ing an average time of 8480 (average of two subjects).
While many of these determinations are doubtless of more
individual than general value, we may stop to note a few
points that are presumably typical. The re-actions here
grouped under one class vary considerably in difficulty, and
a few instances may be cited to indicate the range of this
variation. In giving a country in which a given city is
situated, the shortest time is for Paris (27806); the longest,
for Geneva (4856). In giving the language in which an au-
thor wrote, Berger requires least time for Luther (2276) and
Goethe (2656), most for Bacon (5656); Cattell, least for
Plato (2246) and Shakspeare (2586), most for Plautus
(4780). 1In giving the calling of an eminent man, the least
time is required for poets (2916), the longest for men of
science (4216). Miinsterberg mentions as quickly answered
questions (4006 to 600a), ‘‘ On what river is Cologne?” ‘‘In
what season is June?’ ‘‘In what contlinent is Tndia?"’ as
questions requiring a long time (11006 -13000), ‘“Who is
the author of Hamlet?’ ‘“What is the color of ice?” “Who
was the teacher of Plato?” An influence which we have
found of great significance hitherto is equally important
here; viz., the foreknowledge of the subject of what is to
occur. In Cattell’s experiments the general question is vir-
tually asked once for the entire series, the special terms be-
ing given in each experiment, while in Munsterberg’s results
the entire question changes with each observation; and this
differénce in the expectancy of the subject cannot but be an
important factor in the longer times found by the latter. A
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somewhat different phase of this influence appears in the
results of Vintschgau. In multiplying the numbers from
1X1 to 9X9, the smaller number was always announced
first. Accordingly, when the first nine was announced, the
subject practically anticipated the result, and had the prod-
uct ready; when eight was announced, he knew that it was
one of two results; when seven, one of three; and so on.
Accordingly we find these to be the shortest processes (9 X9,
only 1600); but there is another factor at work counteract-
ing this effect, viz., the familiarity of certain multiplications,
making the products by one short, and those by four and
five long.

(b) The next type of ‘“‘question and answer” will be one
in which, in addition to the act of memory, a comparison,
or a judgment, is involved. The result of the comparison,
though not always the same for all individuals (and in this
sense the question is not limited to a single answer), will
probably always be the same in the same individual. The only
experiment of Cattell's that seems properly to belong here is
that in which the subject decided which was the greater of
two eminent men (5585). Miinsterberg finds the average
time for answering a miscellaneous group of such compari-
sons 9470, or 996 longer than the process without compari-
son: comparisons rapidly made (6006-8000) being, ‘“Which
has the more agreeable odor,—cloves or violets?” ‘“Who is
greater,—Virgil or Ovid?"’ ‘“What is more beautiful,—woods
or mountain?” and difficult questions (12006-15000) being,
‘““Which is healthier,—swimming or dancing?’ ‘“Which do
you like better,—Goethe’s drama or his lyric?” ‘“Which is
more difficult,—physics or chemistry?’ The comparison
may be among more than two objects. Thus, in asking which
is the finest of Goethe’s dramas, the process of formulating
the reply may include the calling to mind what the various
dramas are, and a choice among them; not, of course, a con-
siderate judgment, but the selection, under the necessity of
an immediate answer, of one deciding motive. On the other
hand, among the several possibilities, a certain one may, by
habitual association or for other reasons, have become so
prominent that virtually no comparison ensues; and the
relatively slight excess in time of this type of association
above the former ones (10490) suggests that this was often
the case. To decide which is the pleasantest odor (rose), or
which the most important German river (Rhine), required
only between 6000 and 7000; to decide which was the most
difficult Greek author (Pindar), or your favorite French
writer (Corneille), from 14000 to 160005,

Minsterberg has ingeniously modified this form of experi-
ment to show the influence of the foreknowledge or pre-
paredness of the subject. He precedes the asking of the
question by a dozen or so words of the category within
which the comparison is to be made. Thus, ‘‘Apples, pears,
cherries, peaches, plums, grapes, strawberries, dates, figs,
raisins: which do you like better,—grapes or cherries?”
Although the comparison cannot be begun until the last

word is heard, still the subject has in a way anticipated the -

general nature of the question, as well as the scope of the
comparison, and has reduced the time considerably (6760, as
compared with 947¢),—certainly a striking result.

(2) Questions with More than a Single Answer. In the
class of re-actions to which we now pass, the question admits
of several answers. The answer at one time may and need
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not be the same as at another time; and the determining
factors in the particular character of the answer are the
peculiar mental habits and tendencies of the individual.
The question thus changes from a specific to a general one,
the answer being any member of a more or less extended
class answering to such and such a description. In some
the choice may be somewhat limited. This is true of Cat-
tell’s experiments in which, given a country, we are to name
a city in it (8460); given a season, L0 name a month in it

-(4850); given a language, to name an author writing in

that language (5190); or, given an author, to name any work
of his (7630"). In all these cases we are apt to have in mind
only a very few prominent instances under each head among
which individual preference is exercised. In the following
series the classes are more general, and accordingly the
scope for individual preference much larger: given a general
term to name a particular instance under that term (5370);
given a picture t6 name some detail of it (4470); given the
word instead of the picture, to make a similar association
(4390) ; given the picture or the name to mention some prop-
erty of it (3720 and 8370); given a quality to name an ob-
ject to which it can be applied (3510); given an intransitive
verb to find an appropriate subject (5270), or a transitive
verb to find an appropriate object (3790). Miinsterberg has
a series including a miscellaneous collection of such re-de-
tions, and finds a time of 10366. Trautscholdt has investi-
gated a similar series in which a specific instance of a. gen-
eral term had to be given, and finds a time of 10200 (average
of three subjects), 1550 of which must be deducted to get the
pure association time.

Here, again, we may stop to consider a few generalizations
which these results seem to sustain. The processes involved
vary very considerably in the different experiments. Miin-
sterberg cites as quick responses (4500-6000) the instancing
of ““a German wine (Riidesheimer),” ‘“of a number between
ten and four (six),” ¢ of a Greek poet (Homer);” as slow
ones (12000-15000), **a beast of the desert (lion),” ‘“a French
author (Voltaire).” Trautscholdt names ‘‘ mast” as ‘‘a part
of a ship” in 8910, but requires 18990 to name ‘‘art” as
““an msthetic activity of man.” These differences should ap-
pear in the average variations; that is, the average divergence
of the re-action times from their mean. When the process.
is simple and constant, the average variation is small; when
the processes are complicated and variable, the average
variation is large. "While in simple re-actions it is often less
than 10 per cent of the re-action time, it is not infrequently as
high as 30 per cent in the re-actions just considered. It may
have been noticed that in certain cases the process in (2) was
the reverse of that in (1). The one was a step from the
whole to the part, the general to the special; while the other
was from the part to the whole, the special to the general.
In Cattell’s case the former is the longer (4330 and 3740).
In Trautscholdt’s results the conclusion comes out more
clearly, the pure association time of an association of part to
whole is 6086 ; of whole to part, 9016; of special to general,
7540 ; of general to special, 9470. It is thus easier to refer
an individual object or quality to its class than to give an
instance of a general concept. A similar result (namely,
that the bond of association between two concepts is not
equally strong in both directions) is derived from observing
that it takes longer to recall that May precedes June than
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that June follows May, longer to go back and find a subject
for a verb than to go forward and find an object for it, longer
when given a quality to find an object possessing that quality
than to recall a quality for an object, and so on.

‘We may here also conveniently consider the overlapping
of mental processes, which we have found takes place when-
ever a series of simple processes. or a complex process in-
volving many simple ones, is performed. The general truth
that the time of a complex mental operation is less than the
sum of the times needed for the performance of the separate
factors into which the former may be resolved, will be again
illustrated Thus Miinsterberg finds that it takes 1030 to
name a specific instance of a class (e.g., to name a German
river), 9920 to make a comparison, (e.g., Which is more im-
portant, — this river or that? but only 1049 to decide
both questions together (e.g., Which is the most important
German river ?) In this case we clearly recognize that the
last processes are not the sum of the preceding two, but that
the category ‘' most important German river” is already
formed in the mind. The following comparisons are more
illustrative. Instead of asking first, ‘“ Which is the most
important German river 2" (10495,) and then, ‘‘ Which lies
more westerly, — Berlin, or the most important German
river 2" (9920,) we ask at once, ‘‘ Which lies more westerly,—
Berlin, or the most important German river ¢” and find the
time 18550, or 1760 less than the sum of the two foregoing
processes. Similarly, if instead of asking first, ‘“On what
river is Cologne situated ?” (8485,) and then, ‘‘ Which is
more westerly, —the Rhine or Berlin ?” (9925,) we ask at
onee, ‘‘ Which is more westerly, — Berlin, or the river on
which Cologne is situated 2” we find a more remarkable
saving of time (13140, or 5260 less than the sum of the two
questions). This time was still further reduced to 1149¢
when the question was preceded by a list of a dozen cities.

(8) Unlimited Associations. When we pass to the re-
action of naming as rapidly as possible any word whatever,
that is suggested by a given word, we are drawing entirely
upon the natural associative habits of the individual, and
accordingly this method has been most useful in studying
psychological habits and tendencies. Our present purpose,
however, is only with the time-relations of this unrestricted
association. This has been the type of association first and
most frequently investigated, and it is customary to speak
of the pure association time as the total time minus the time
needed to repeat a word. Thus Miinsterberg repeats a word
in 3820, and calls out a word in association with the given
word in 896¢. Trautscholdt, however, who experimented
upon Wundt, Stanley Hall, and two other subjects, finds an
average lime of 10246, 7276 of which is regarded as the
pure association time. Galton and others have made esti-
mates, by rougher methods, of the rapidity with which
trains of ideas pass through the mind, and the result is a
rate not differing much in either direction from one associa-
tion per second. It will be recognized at once that this pro-
cess will be very different in different individuals and with
different words. Miinsterberg’s shortest association was
*“ gold-silver " (8900); the longest, ‘‘ sing—dance,” ‘‘moun-
tain-level ” (11006-1400¢). Trautscholdt also found ‘* gold—
silver ” a very quick re-action (4025, *‘ storm—wind ” (3685,
““ duty-right” (4156). Long re-actions were ‘‘ God—fearing ”
(11320), ‘‘ throne-king ” (14870), ‘‘Karl-August” (16625).
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Some interesting inferences result from the consideration of
the times of different types of these unrestricted associations.
Trautscholdt divides these into ‘‘ word associations,” or those
suggested by the word rather than by the thing; ‘‘ outer
associations,” or those relating to the sense-qualities of the
object; and ‘‘inner” or logical associations. The results
were 10330, 10280, 9890, though this order may be liable to
individual differences. Cattell and Berger have also com-
pared the re-action times to concrete nouns (3746, pure asso-
ciation time), to less concrete nouns (4626), to abstract nouns
(5705), and to verbs (5016),-clearly showing that concrete
terms are more readily suggestive than abstractions, and
concrete objects more so than actions. Trautscholdt finds
for associations to concrete nouns, 7100 ; to actions, 837¢°; to
abstractions, 8710.

Many of the influences to which we found simpler forms
of re-action times open, are doubtless true of association
times, but the great variability of the latter makes these diffi-
cult to establish. The effect of practice is noticed by Traut-
scholdt; and Cattell has shown that in students from thirteen
to eighteen years of age a distinet shortening of the associa-
tion time accompanies growth and education, while the
students ranking higher in class have a somewhat shorter
time than those standing low in class. Fatigue very readily
enters, the accessible associations are easily exhausted, and
the mind repeats itself very markedly. Changes under the
action of drugs and in morbid mental states have been inci-
dentally noticed, but still await systematic investigation.

The various processes, the times of which we have been
studying, by no means exhaust the possibilities in this field.
As our knowledge of mental operations becomes more per-
fect and more capable of experimental study, and as our
power of analysis makes similar progress, the study of the
time-relations of mental phenomena, already fertile in sug-
gestions and results, will increase in interest and impor-
tance. JOSEPH JASTROW.

MODERN EXPLOSIVES AND FLUID FUELS.!

SIR FREDERICK ABEL commenced with a reference to the great
names in art and science which Leeds could claim as its own.
He next proceeded to refer to the advances made in electrical sci-
ence and its application to industrial purposes; dealing with the
history of the subject since the association last met in Leeds, in
1838, and bringing it to the present day by a reference to the
scheme now on foot for utilizing the power of the Falls of Niag-
ara, electric welding, and electric smelting, the latter in connec-
tion with the production of aluminium alloys.” The influence of
manganese, chromium, aluminium, nickel, etc., in the manufac-
ture of steel, was also touched upon in the address.

It was, however, when the president reached that part of his
speech in which he dealt with the appliances of war, that his
audience felt they had reached the most important part of his
address. He traced the history of the application of gunpowder
from early days, and showed how great had been the advance
since the last meeting in Leeds, but more especially in quite re-
cent times, When Sir Frederick first actively turned his attention
to the subject, Doremus, in America, had proposed the employ-
ment in heavy guns, of charges consisting of large pellets of pris-
matic form. This powder was first used in Russia. The subject
was followed up in England, Germany, and Italy. Theresearches
of the Government Committee on Explosives, in which, as is well
known, Sir Frederick and Capt. Noble took the leading part, were

1 Abstract of an address delivered at the annual meeting of the British

Association for the Advancement of Science at Leeds, Eng., by the president,
Sir Frederick Abel.



