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Preface

As part of a ?rojec%ffor studying the nature and acqui-
sition of induétrial skills I have carried-ouf somé‘eiperi—
~ments and foﬁnd out the generai equation df 1earning of skiil
and craft,'fhus i’présented fhe résults’of my.sﬁudy as part 1
already before. | |

This‘time I héve analysed my study and generalized and
extended the'theo£y~~that is-—the general formula of skill
acquisition process~énd gained the conclusion. | |

Hére I present my étudy as part 2 which is called the
generalized and extended formula of the acquisitién of;

" industrial skills.

The author is indebted toer. P. Y. Uchiaa, researcher
of the‘Depaftment of Rese&rch énd Study of thé Institﬁfe of
Vocational Training for an English translatiop of the
manuScript;

| Dr. Masao Naruse
OGAWA, KODATRA, TOKYO

May, 1967
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‘The Process of the Acquisition of
Industrial Skills
— the generalized and extended formula

of skill training -—

by Dr. Naruse Masao
1. Forewo;d
Here T define the vabili’oy of producing things as skill,
andAalso define the repeatéd practice to attain a certain
skill desired as training. Now skill and training thus being
defined, I try to consider abgut ‘the processAin whiph skill is

trained.

‘2, Training or Learning of Language

“Here T userthe wo?d 'skill‘aegree' which shows the level.
of skill, and denote it as yalandAtry‘to get the formula of
LTS |

Thinking the quality of language to be similar to ékill,
I have researched the process in which language is to be
'promoted by tfainiﬁg, and then transfered this prbcess to
other general skill,‘thus I tried to get a formularization of
‘skill. During thié ﬁrial I set up several suppositioﬁs,

whi@h,are as follows:
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(1) The Jaﬁénese language spokeﬁ by foreigners is not always
in the pure form. Some of them are professors in charge of
Japanese language or well-known christian missionaries--that
is—u'tﬁe selected people. Those selécted people have
linguistig geniﬁs and ability andihave learned Jafanese

- earnestly. In spite of these situations their Japanese
language is not always in a pure form.

From this consideration I can easily assume that. human
ability or enthusiasm AOes>not influenée much on learning or
training of lénguage.

(2)  On the other hand\the Japanese language spoken by
foreignerslwho were born and bred in Japan is quite'the same
with that of Japanese children and is in the pure form., They
began to learn Japanese from their‘childhood and ﬁave gained
rapid SPeed.in speaking in the pure form.

- It is assumed th@t'the younger he stafts learnihg of
4‘Jdpanese, the‘faster he attains the ability of speaking.
Theée infants do not make serious effofts, nor are influenced
by ability or nature, and yet they will be able to speak
Jap@nese in its pure form. .

Thus the‘yoynger he:stérts learning language, thé
fastef.his ability of speaking is promoted.

(3) Thus considering from training effectiveness, the same



amounf of time spent for trainiﬁg is not samexin its content.
jTime spent while one is young has good effect in trainipég
lbut time spent while he grows old has poor effect.

As for training effect pést time caﬁ neither be con-
verted info nor be exchanged with future time. ATherefore it
“can bé said that in learniﬁg of 1anéuaée timé can't be
converted. ;

(4) We often‘meet a person who can speak two or more differ-
e;t national languages. From this case we can say that
language has its natufe whichvpermits different languages
to coexist in it.

(5) Furtﬁermore, the ability to speak language grows with
age. F&r instancé, in‘childﬁood‘two years old baby can speak
better than one year old baby, and three year old baby does

~ better than two year old baby and so on.

Butvat a fairly old age the elder can ﬁoﬁ always speak
better than the youﬁger; Hence we come to the éoncluéion |
‘_ﬁhat‘speakiﬁg skill of language attains aéymptotic saturation
at a certéin age., |
(6) Comparing a well spoken man with an ordinary person, hié
speaking ability iscomparatively high and sqmetimes at its
highest. It can bg'congidered that even an ordinary person

will be able to speak fine to a certain degree if he



cpltivates his effortﬁof 1earning. Thus we can find out fha-
training of 1énguage haé its elévatioﬁ.
(7) Here we consider the césé in which two or more differen
languages will be learned by training one by one in order.
When one stafts his 1ésson pf the secbnd language, he may be
1niluenced by the training effec¢t which was already caused b’
the first 1anguage,tra1n1ng, That is-~some percentage of th
first language training effects will give an effective
infiﬁence'§o the second language training.

Here I denote this percentage as f# which stands for
transfer coéfficient.
(8) When #’man gets fairly old, his speaking ability will 1
gradually weakene& by decfepitude. Here I nominate this
trend as ‘1angu5ge decrepitude' and denote the term as R
(the term decrepitude). \

Therefore at’a fdirly old age, lahguage ability will b
retarded, whiﬁh is caugéd by . « In othef4WOrds speaking

skill is composed of two terms—-that is--ascent and descent

3. Here I express language training by the formula
mafhematically.
I define the ability of well speaking by training as

and : for time (or age).



Now we consider the case in which 1énguage training is
Pe;fofmed'ideally, and try to examine +the item (2) among
those eight items above mentioned., In this item I have
pointed out that the speed in which 1anguage is promotéd-— :
that is—— ‘dy/3£ will decreasé.éccording to the increase of
age t .

Here i express this trend by the formula mathematically
as follows:

Here we insert . as ﬁroportion constant, then we obtain

the following fo;mulas

transforming equation (1), then we obtains

k .
d_’y:: o dt

The integration of the equation above, using  as the

integration constant, becomes:

k ok
y:J‘?—dl—FC: n~1<——-

In order to decide the value of (¢ of this formula:we
will consider about item (7) before mentioned. That ig~~when.

e stands for time to étart training, A percent of y which
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denotes the well-spealting ability of the first languagg wil
give influence to the second language training. Thus we se
the formula as follows: =1, ¥= L7

Here we use these terms as incipient factors of the
equation (2).

Substitute these factors in the above formula (2).

Thus assuming that the ideal learning of language is
performed, notation y which stands for 'speaking well'! is
indicated by the equation (4) shown above. But in fact tra
ing is not always performed ideally. 'Therefore ¥. which
denotes well—speakingfability in actual training is assumed

to be @ percent of y. . Then we obtain




Substitute formula (4) in formula (5), then

k '1 : :
Yo = « < t:1_1 — =T >_|_Ccﬂyﬂ R PRI TR LY (8)

n—1
Here we examine each item which was explained in article 2
before menﬁipned.

As for item (1) in articie 2, considering formula (6),
it doeé not include any value which relates to indi#idual
nature or ability. Therefore formula (6) has no relation to
human quality or ability. Thus item (1) is satisfied’in
fgrmula'(6); | |

As for item (2) in article 2, in formuia (6), when .4, is
small, then » is large, and when 't is large, then . is
small. This fact satisfies item (2) in article 2.

As for item (3) in formula (6) is a function of I3
ﬁotation ¢t which has different v@iues of ¢, islnot the same
in value. That is-— ¢ has different values when ¢, is aif-
feient,‘tﬁefefore ¢ has no conversion. Thué formula (6)
.satisfies item (3). |

As for item (4),1formu1a (6) does not mention any co-.
eiisfence of languages. In other words formula (6) does n§%
deny the~coexiStence of'languéges.

As for item (5), if t =co in formula (6) we obtain



the foilowing formulas

ak(

1
— ——) + afiy,= constant

T

Yo=

Therefore formula (6) satisfies asympfotic saturation,

As for item (6) « in formula (6) is the value of per—
éentage.‘ Tﬁe #aiue of « is 1 for an ideal case. The valué
éf Ye Will increase step by step acéording fo the increase
of « . When o becomes maximum 1, then ¥. becomes maxihum
value which is jr., Furthermore, ,, will be also changed
according to the value of " |

Here we may consider n to be +the value,which will give
Vp?essure upon well-speaking ability. When value of = ﬁill
be“diminished; the pressure will Bé décreaéed. Therefore
when , is small the value of Ve éan be increased, too.

Thus the value of « is emnlarged aﬁd fhe,value of 'n is
diminished, themn y. will obtain more and more large value.
Therefore formula (6) satisfies item (6).

| As for item (7),vin formula {6) it oonténts term which
has the value g in the second term, Thus the formula (6)
'Satisfies‘itém (7).
In item (8) we alréady explaned’that language has a

tendency of decrepitude. Formula (6) does not relate to this



‘decrepitude. Thé formula does only explain that language
will be gradually promoted by training and will finally
feaCh the maximum offsaturation at which fﬁe promotion is
1imited. Bpt it does not relate to the descent after the
saturation. Therefore, adding the descent value k, of skill

y. caused by decre?itude to the formula (6), we try to |
obtain the fofmula;of skill training from formula (6), then
the‘result is: N '

ak 1 o 1 .
n—1 ( t:.—l - z,,__l ) +dﬂyﬂ_'Rt ererecssvamrdanvss (7)

Y=

This is the general equation which will show the well—
 speaking ability by training-—that is—-thelskill level of

speaking language.

4. Training Formula in S pecial Case

(1) The training formula which is applied to thqse who ﬁill
just start learning of language can be obtained in the
genéral equation (7) when “y,=0"” is iﬁduced. Thus 1t -

follows:

ak 1 1 " '
Vo= - ( R ) R vereerennenienns R (8)
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(2) Here if we observe only the training for younger trainee
we need not consider about the decrepitude term R , thus we

obtain the following formula:

n—1

ak 1 1 |
Vo= ( prea i t“‘l) ...... PSP e (9)

 In this formula we tske . as the ordinate and ( as

abscrissa, and indicate it as a graph in Fig. 1 as follows:

Fig. 1 The training formula (9)
while omne is young

In this graph we take OA as the value of t., and ¢ as

. . k

. And if y is yoo , then the value yoo=—— <?lrr>
by formﬁ1a (9).' Therefore the desired

curve of formula (9) starts from point A and indicates the

curve ABC which is asymptotic for .o .
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5, The General EqUation of Language Training and’its
Relation with other Skill Tra.ini‘ng
Those gemeral equations (7), (8) and (9) are theAtraining
formulas cﬁncerning skill, and they are all certified by the |
experiﬁents-shown‘below. Theée formulas can also'be applied
to othe? skills.‘ The possibility of application can be

judged by the following ekperiment;

Marks
100+ '
. good . , s
_m dexterity . ~'-.;;¢§
75.“ . ) o - A v W\“vl
ST EFEETT T
k V. DOOT
50 [good. . R s
T [Antelli— .l A PoGT dexterity
gence = p ' intelligencs
25~ - .
'”sltalrn!;|-|i||||l~:ux|!||||!;|
1 1) 10 15 20 2% 50

. —nUmher of experiments age.

Fig. 2 Experiment (1)
Skill Acquisition Curve by
Both Hands Coordination

Experiment (1) shows the result of the test in which how
the marks of ‘skill acquisition by both hands coerdination |
were gained in upward trends according to the number of tests
pefformed. | |

12.subjects vere selectéd among the trainees of the

Comprehensive Vocational Training Center attached to the



Institute of Vocational Traiﬁing héré, (in Tokyo) Those
mérks in.the experiment are the aveiagésvwhich were afféined,
by the 12 trainees. |

In Fig. 2 thé‘expréssioh“good intelligence! means the
value Which.was gained by the gooé group of‘apfitudé under
the test by GATB~(Generai Aptitude Test Batteries) No. 2 com 
piled“by Ministry of Labor of. Japanese Government. And the
éxpression 'poor intelligence’ (indicated in Fig. 2) means
the value gained by the poor grbup of aptitude._lThe othér"
expression 'good dsxterity'lmeags the valué which was gained
by the good‘éﬁoup of finger dexterity and of manual dextefit
who were judged to be over standard level., Oun {he contrary
the expression ‘poof.dexterity' means the value of the/poor
- group ﬁho were under the standard level,.

It is rémarkable to finﬁ out that the two experimeﬁtal
cuives which show'goéd intelligence andipoorjintélligence>
have almost nofdiffereﬁce Eetween them.

Eiperiment (2) in,Fig; 3
| Thé experiment shows thérrGSultAQf skill acquiéitién
‘process by FDB (Finger Déxferity Board)_operationo Fig. 3 |

shows the abové result,
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1 I | ] ! ]
L 5 10 15 20 25 30
— numher of trials

Fig. 3 Experiment (2) 4
: ' Skill acquisition curve
by FDB operation

As the resﬁlt‘of these experiﬁenﬁs the shapes of éach
curve are seemed~to'bgvsimilar to the shape of the curve in
Fig. 1. |

Thus we can aémit that the language training forhuia
(9) can be applied‘not only to language but alsé to other
skill training.

Then we had an experiment on decrepitude treﬁd. ’We
picked up 399 subjects through tﬂe whole country, and measur—
ed the value of R of these people undér the test by GATB
o' 2 compiled by Ministrj of Labour. And the result of the

test is shown in Fig. 4.



manusl dexterity

mark numerical aptitude
100~ Verbhal aptitude
) fiﬁger dexterity
.Spacial aptitude
- form perception - intelligence
aming speed
50 |- . :
OL - ¢clerical perception- ‘/

-motor spesd

T 1 | 1 1 ] 1 i
20~24 25~29 30~34 3539 40~44 4549 50
age

Fig. 4 The curve shows the wvalue R. of
decrepitude

Thus we kmow that the trehd'of'decrepitude will begin
to appear at the 1atfer»half of age 30, and will be deterio-
rated step by step accora.iﬁg to ¢ (that is time or age).

Améng 10‘kinds of ability in this‘experimgnt verbal
aptitude is also included. Degenerative trend of verbal
aptitude according to age t is similér to that of other
ap%itudes. ‘'Thus we can say here that it is adéqﬁate tol
analogize other abilities by verbal aptitude;

By those.éxperimenﬁs mentioned above, wé know that
language training is similar to other skillytrainings.v.fhus
we can édmit that the formula (7),((8j and (9) oﬁﬁaine&
before can be applied not only to 1aﬁguage training Eut also
to othér skill trainings. Among these formﬁlas formula (7)

i

is a general equation, then this general equation can be

'



applied to skill training.
Therefore those notations which are contained in these
formulas can be meant as follows:

y. = value which indicates skill dekterity

k = constant decided by variety of skill to be trained

‘'« = trainees effort or enthusiasm while he is in
training, or instructor's dexterity or enthusiasm
while he is in instruction

n = value which degenerates training effects or bad

surroundings
¢, = age or time when training isg open
t = age or time for training

f = transfer coefficient in training
. R = value of skill degenerated by decrepitude
Thus being defined, the general equation of skill irain-

ing is now to be indicated as follows:

How we pick up only the first term of formula (7) as
Ho. 1 in special case, and apply it to skill with vhich a
ybung trainee will COnﬁinue his only one training, without
making any change in his traihing process;~vThis~process is
formula (9) indicated before. This formula will ascend as




How we omit the'ségond'term only from formulav(7) as
No. 2 in special case and apply the formula w?thout the 2nd
“term to skill with'#hich a trainee ﬁill continﬁe and devote to
- only one training until he becomes old; without making.any
change of training. This is formula (8) mentioned befofe.

Now as No. 3 in special caée we consider the fofmula in
which every term of the formula (7) is included. The first
berm of this fprmﬁla is a term of pf0m§ted training which
shows that skill will always be promoted as btime goes'on,
' @By, '——the 2nd term of formula (7) is the term of training
for job-changers which will appear in the process of»changing‘
of training,- The 3rd term is thé decrepitude term caused by
being’infirm with agé which shows descent of skill.

Thereforexthe ibtal of these three terms is the genefal
whole which combines ascent and descent of skill together.
Thus this is the general equation of skill training which can
be applied to all period of trainihg:for job—changérs, the

youth,.thé adult and for the old.




6. The Process of Skill Training

Here we consider the process of skill training.‘ As for
the géneral equation of skill training mentioned -in the above
article, We‘betﬁef understand it if we follow up the curves
of the formula. At first we éonsider formula (9). As for
(., ; we set. " as‘abscissa._ knd we set a constant as « -,
n and k& . Then the formula (9) can be'shown as the curve

ABC in Pig. 5. This curve, when t(=oco , will have the

following constant value.

[04
)’a'—: —n-_—‘—’I- ——ui:—l— e _)’aOO =1 COHS'b&n't

Fig. 5 The Process of Skill Training
— in case of trainee who is young
and with no job-change ——

_51;



Here we take ‘.2 which is.bigger than ‘1 as the value
of ¢+ . Then the curve‘will be sho%n as the curve DEF in the
figure. The curve DEF is under?the curve ABC which was
already shown beforé. Then ve take 1, ~the more'biggér
value than :,, , then it is shown as the curve GHI.: Thus Wel
can say that the smaller the value of ¢. is, the bigger the
value ﬂ‘ of Skill is.

Now we take se%eral values from 0 to 1 as value « .
Then those curves will start from each point such as point
A, D and G, as they are shown in Fig. 5.

We change the value " —-that is—-we make n» smaller, and

e

get n* . Then the curve of 'y. is shown as the curve AB'C',
wvhich comes over the curve ABC. When we make the value . n
bigger, then the curve of y. comes under the curve ARC.

g 5 : T » :

How we follow up the curve of the formula (8) and

consider about decfepitu&e trend. Heré ﬁe have R as the 2
term, Tﬁis R Wii1 givé~influ¢nce.uﬁoﬁ'the process of skill
“’Refering to Fig. 4,:wé gét éﬁe curvevwhi;h.is the average .
curve of R among several curves,in the figure, and indicat
it as the curve PQ in Fig. 6.

As the 1st term of formula (8) is the.saﬁe with formula

(9), so its curve is the same with that of Fig, 5; Thus we

drav the same curves in Fig, 6 with those of Fig. 5. That

T —32-



jg-—we draw these curves as ABC, DEF and GHI in PFig. 6.

da

o
. "tor“’(

toa

B

- Fig. 6 The Process of Skill Training for
trainee from his youth to his
decrepitude without changing his jobs

Now the lst term éf-formula (8) shows that the value
% will rise up (of aécend) by skili training. The 2nd
term shows that the value will begin to descepd at a certain -
age because qudecrepitude. Therefore the formula (8)‘indi~
cates thdt these coﬁprehensive effects are in fact the value
of skill 7. , |
Therefore the vaiue of >% is shown in those curves such
as AMB'C', DNE'F' or GLH'I', each of which is éained from
, those ordinate values such és cﬁrvé ABC9 DEF or GHI which
- are reduced for each by the ordinate value of PQ.
By theée curves we can observe fhe process of skill

training for trainees who are tréined from youth to



decrepitude, without changint their jobs.,
Now we c&nsidef.to aéé‘the'transfer coefficignt term
By. to the férmula—~that,is—~wevfollow up the cﬁrves in
formula (7) as the case of training for job-changers. He

we consider the case in Fig. 7.

S
= 7
. M.~ ,
,//}f 5 C
/// §MI st
A/ B T
%o : c”
' .
K i
.ﬁﬂo }
0 A ~
- to : A

9

Flg. 7 Tralnlnv Process in which +ransfer
term p is to be considered—-that
is~~the case of tra1n1n5 for
job-changers :

Here we take the curve of skill where the value of
first skill y. gets the level in which y.=4A" when the a
Lo o
In this case, if the trainee will continue the same
“training, it will trend the.curve ABC which is shown in
dotted line in the figure.

Suppose we change here the pattern of skill trainir

and the value y, of the skill just before the change oi



pattern is shown by notation AA' in the~figure and thié is
equal tvaa .

Suppose the value .y, is increased by the following
traiﬁing énd gets 50% of useful effect, then-the.transfér'
coefficiént B is 0.5.  Thus the next sgkill tréining will
stagt atLPoint A which is the middle between 4 and A' and
trend along the curve A"B'C' in thé figure (7).

| "Fina;lly when ¢=co , the formula (7) will be as follows:
Yeco = %—, ?1_—1——) + afy., — R

The curve A"B'C' will Be'influenced by décrepitude
trend R during the process of training. The value of R
is shown by PQ in the figure (7). Therefore the curve A"B'C!
wili pegin‘to fall dowﬁ of point M' on the'curve‘in the
degree due to R and follow the descent curve M!B"C" as
shown in thé figure. Thﬁs,wheﬁ one kind ofbskill tréining
is given dnd is_trdnsfered later to‘another in the process,
then the value of ». of that training will éegérally be"
smaller than that of the‘training which would not have been
ﬁiansfered. And the diminishiﬁg rate of the value is such
tﬂat the smaller the smaller the value /A is, the smaller

the value y. . fow the skill'curvekwill.change according to

!



¢« 4 n or ¢t is the same with the curve before mentioned

7,v Conclusion

With these observafions performed, we can assure fhe
following'items concefning the process of.skill_training.
They are as follows: | |
‘(1) The géneral equation of skill training is indicated
the formula (7) as mentioned before.
(2) . The skill which is cultivated while young—nthat ig—-
while ¢ is small grdws strong. Thqrefore we had better
start training in childhood in order to elevate his level
skill,
A(3) A man has an ability to attain ta=1"', The value
. would be aﬁle to attain the maximum value 1 by such facte
as surroundingé, instfuétof's abiliiy, trainee's own effc '
 énd‘enthusiasm. But in gemneral the value « is undervl.

Therefore we cén ﬁake the value « tﬁ approach to 1
servingigood surrounding,'good instruction, and cultivat:
trainées‘£o get themvefforts:and enthusiasm.

Tt is important for skill training o make the valul
to reach maﬁimum‘l.
(4) The value of n. should be small. In ordef to make

value » small, it is necessary to apply science and

—3.6—



technology to skill under good surroundings and maké skill

to rise up against time ¢ . Originality will be created by
the‘afplication of Sqienée and technology. Inducing the
rapid growing $éieﬁce and technology and applying them to
'skill and craft, then we can make skill to promote rapidly
according to time ¢ ; At the same bime the vaiue of n will
‘be diminisﬁed small and skill training will attain a remark-
ablevresult.

(5) As for £ ; the transfer coefficient A will ofteﬁ have
the value under 1. Therefore the training‘fof job-changers
is inferior to the training.without chénging jobs. This Wili
explain job-changing to be undesiréble. So we should arrange
training for job-changers to be more useful, though it is
unfavorable. Fo;'this reason it is desirable to make the
value @ to apﬁroach'to maximﬁm 1.

Although training for job—cﬁangers is unfavorable, it
will not alwéys be so if we make £ to attainAmaximum 1 and
arrange a good surrouﬁding'by our original ideas and inducé'
Scienée and technology to the‘tfaining, thus making the value
of n smaller. Then the training will be possibly better for
job—changérs than for those who do not change jobs.

(6) Skill training.is a repeated practice to produce things,

using on's own hands and body. Therefore each of his physical



motion is very impbrtant.  The physiological function which
will handle each motion will be in deérepitude trend at-
about age 30. And by this infirmity with age training
efféct will be decreased. Theiefofe it is urgent to pro-
tect against decrepitude by sports or medicine on one handr
and staft training whiie young on the other hand, thus |

elevating training effect to higher level.

38—




 WBHI43LE 9 A 26 ARFT
CRAE MEIEKRRRERARE 52
B Il Kk FER

B /NF /NN FET 2260
TR 0423(41)3331

s

Bl

SN




