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Summary

As higher levels of technology become more and
more popular and familiar,in the immediate future
if not even already today the general public is going
to have to develop an ability to competently evaluate
the use of technology. The author refers to the basic
competencies and knowledge for making such rele-
vant, required decisions as the “culture of technol-

» This short paper outlines this “culture” and
proposes that educational technology should be
accepted as one of the keys for the development of
these competencies.

Key Words : LIFE-LONG EDUCATION, INFOR-
MATICS CULTURE, EDUCATIONAL TECH-
NOLOGY
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Summary

Vocational training deals primarily with such man-
ual work as machining, information processing, etc.
In this modern age of technology, one of the impor-
tant problems related to work of this nature is the
development of attitudes which are conducive to pro-
moting continued, advanced training, i.e., training
aimed at skill reinforcement and/or prevention of
becoming outdated. However, because students in
continued training programs are not only adults but
are also currently actively employed, the attitudes of
these students towards their work are very important
to the methods used in conducting such programs.
This study was an attempt to develop methods for
discovering and fully emphasizing with the day-to-
day attitudes of students in continued training pro-
grams.

Students studying lathe machining were asked to
complete questionnaires which were analyzed using
the DEMATEL method, the objective being to de-
velop methods for discovering student attitudes to-
ward manual work, to make a model more suitable
for students studying in this field, and to determine
differences between teachers’ and trainees, points of
view.

Key Words: VOCATIONAL TRAINING, ATTI-
TUDES, MACHINING, DEMATEL METHOD
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Summary

Evaluations of the efficiency of an educational
system are sometimes conducted by asking the stu-
dents to complete an opinion survey of one kind or
another. This paper discusses the use of fuzzy-
integrals in evaluating the results of such surveys.
Used for this purpose, Fuzzy-integrals have two
basic features: (1) In using fuzzy-integrals, it is
necessary to assign a value to each item in the
questionnaire. Generally speaking, opinion question-
naire item pairs are either similar or not similar
in content. The technique described in this paper
takes advantage of this characteristic in assigning
values to each of the items. (2) Fuzzy-integrals are
algorithms for calculation of evaluative concepts.
Furthermore, concepts such as “effective” or “edu-
cationally good,” as they are used in education, are
also often rather vague. The technique described in
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this paper uses conventional multivariate analysis
to make these concepts more concrete, and then uses
fuzzy-integrals for further clarification to complete
the analysis. The latter part of the paper describes
the results of using these techniques in analyzing
an example of computerassisted instruction.
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Extraction of Consciousness Structures as to the Training of a
Turning Lathe; Using DEMATEL Method

Ikuo KITAGAKI!, Member and Toshio TAGAYAT, Nonmember

SUMMARY This paper discusses the characteristics of con-
sciousness structures as to the training of a turning lathe. For this
purpose, a consciousness survey is forwarded to the trainers and
the trainees. From the answered results, we make consciousness
structures for each group, and then compare them. By comparing
the characteristic of the trainees with that of trainers, it got clear
that the trainees look more interested in worker’s behavior such
as cutting than the phenomenon on lathe such as heat or vibration,
and so forth.

1. Introduction

In vocational training, such as handwork machining,
electric welding et. al,, advanced training is regarded
which aims reinforcement of a worker’s skillV,
Advanced training, in general, intends for the worker as
an active member in the factory and deals with a
specified skill. Because trainees’ careers vary one from
another, it seems more difficult to develop an instruc-
tional methodology common to many regions of the
vocational concerned than in the case of school educa-
tion.

But if we consider that each trainee of advanced
training is an adult and has the knowledge/skill on the
relevant vocational region to some extent, the way of
poroceeding a classroom will be an instructional strat-
egy that the trainer asks a trainee what he/she is usually
thinking as to the concerned skill and then discusses the
opinion with trainees. The discussion itself may give
them an opportunity to refine their conventional con-
sciousness on the vocational training region or to pro-
mote the refinement. From the point, we make a con-
sciousness survey which is forwarded to several lathe
trainers and trainees working in machining factories.
Then we visualize those consciousness structures using
a directed graph. And from the comparison, we extract
the differences between the structure of the trainers and
that of the trainees. It is supposed that a trainer may
well promote the discussion above if he/she picks up
them as a topic in the classroom proceeding.

As to the vocational region, lathe processing work,
a kind of handwork machinery, was chosen through

Manuscript teceived November 24, 1988.
Manuscript revised March 30, 1989.
T The authors are with Research and Development Insti-
tute of Vocational Training, Employment Promotion Corpo-
ration, Sagamihara-shi, 229 Japan.

observing the curriculum proposed by a public voca-
tional training facility. As a matter of fact, there are
many training courses concerned to machinery, and
lathe processing work is said to be a basic skill thus
essential.

The consciousness survey dicussed in this paper is
based upon DEMATEL method *. As well known, there
are many methods of structuring, ISM® FSM®
besides it, and there are also examples of structuring,
such as a complex problem analysis in human socie-
ty® ' instructional methodology®®, and so forth. But
which method is the optimum directly depends upon the
goodness of mathcing between content of the survey and
property of each structuring method. As detailed later,
DEMATEL method is selected from the point of transi-
tive law.

2. Questionnaire Construct

In this research, we extract a consciousness struc-
ture in brief based upon the relations between elements
each of which concerns handwork lathe processing. For
this purpose, we define “relation” and fix the format of
questionnaires as follows.

It is very frequent, in school education, that
teachers take notice of the analysis of wrong answer in
test evaluation and the analysis of student’s mistakes
during the learning in order to find an appropriate
instructional method. Comparing to it, we here regard
deficiency or imperfection on a lathe work, and the
format of a questionnaire was determined as shown in
Table 1, where “element” represents a conceptual unit
of lathe training region, and “relation” represents
remembrance. If the relations of every two elements got
definite, the consciousness structure ought to be made by
a directed graph.

In this case, we cannot assume transitive law**

* 1t is the abbreviation of DEcision MAKing Trial &
Evaluation Laboratory. This method was developped by
Battelle Lab. in Switzerland and used in order to analyze
“World Problematique”®.

** Designating the relation of element x to element y as
xRy, transitive law is expressed as the following.
[If xRy and yRz hold good, then xRz holds good.]
As a matter of fact, transitive law is applicable to the analysis
if the concerned causal relation is determined clearly.
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because of the characteristic of the relation, that is,
“remembrance”. So, it is impossible to implement ISM-
method where transitive law is assumed although the
assumption is considered to be convenient in that the
number of questionnaire items in ISM is far smaller
than that in DEMATEL in general”.

From the consideration, we adopted DEMATEL
method for the analysis and designed a format of the
answering sheet. When designing, the followings were
considered.

(1) The number of elements should be small in
the extent that the structure does not lack an important
element. It is supposed to be appropriate that the number
is ten thru twenty seeing from the easiness of looking at
the visualized structure™®,

(2) It is presumable that there exists the relation in
almost every two elements more or less if we consider
the relation of “remembrance”, thus the visualized struc-
ture won’t be understandable if the worst happens. To
cope with the difficulty, it is desirable to make the
answering sheet in the way that each item forms ordinal
scale, and to fix an appropriate threshold, then to neg-
lect the relation whose degree is less than it.

(3) The questionnaires have to be forwarded to the
subjects who have the knowledge/skill of lathe work to
some extent. In other words, the survey discussed here
doesn’t intend for the beginners.

3. Extraction of a Consciousness Structure as to
Handwork Lathe Training

3.1 Preliminary survey

A preliminary survey was forwarded to three lathe
trainers in order to determine the elements and the
format of questionnaires as follows.

The author listed twenty conceptual words as ele-
ment of “handwork lathe training” by referring to a
textbook of lathe training and formed 380 items(=20X
19) using them in the format as shown in Table 1. Then
the survey was administrated. Through the survey, it
got clear that several elements were less reliable
because of the big differences of remembrance in the
trainers. On the other hand, as to the number of ques-
tionnaire items, it was suggested that it was too big thus
they felt tiring and that the number should be decreased
to less than one half. Considering the results, we revised
the format.

Firstly, the number of elements was decreased to
thirteen by removing the less reliable elements ex-
plained just above. In this case, several criteria were
used which are detailed in the fourth section. Secondly,
the detail assignments of answering were made. For
example, there is a description in them that subjects are
required to answer each question not in a hurry but not
too late, and to take a rest moderately.
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Encircle a digit of one thru. five for each item.

{. When you hear that there occured a deficiency/im-

perfection on[single point tool grinding|. does it

remind you of the deficiency/imperfection

on[ I ¥4

the word put in the second box
!
a.cutting(machining)
1.no remembrance 2.week remembrance
3.medium remembrance 4.strong remembrance
5.very strong remembrance
b.finishing

1.no remembrance 2.week remembrance

2. When you hear that there occured a deficiency/im-

|, does it

perfection on]cutting(machining)

remind you of the deficiency/imperfection

on| Ik

the word put in the second box

a.single point tool grinding
l.no remembrance 2.week remembrance

3.medium remembrance 4.strong remembrance
5.very strong remembrance

b.finishing

2.week remembrance

Fig. 1 The format of the answering sheet.

1.no remembrance

3.2 Main Survey

An answering sheet was re-made consisting of 156
items(=13x12). Each item formed an ordinal scale
from one thru five. The selections of one and five corre-
spond to “no remembrance” and “very strong remem-
brance”, respectively. A part of the sheet is shown in
Fig. 1.

The objective of the survey was to make the struc-
tural differences of trainers and trainees clear. So,
Several trainers (four members) and trianees (ten
members) served as the subjects. Trainers are the
teachers teaching in a public vocational training facility.
Every trainee is an active member working in a machin-
ing factory. All of the trainees were given the lathe
machining instruction for several days at the public
vocational training facility. Through the opportunity, a
trainer requested them to answer the questionnaires
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designed here just after the instruction. So, the motiva-
tion for the proposed questionnaires supposed to be far
greater than in the case of an active worker without any
acquaintance.

3.3 Answered Data Processing
The answered data of the trainers was processed as

follows. Let’s designate the answer of trainer £ (k=1, 2,
3, 4) for the item shown in Table 1 as a:,x. In this case,

a.,;,+. of the following was used for the determination of

strength of remembrance.

\ _
W (1)

_1
(Zi.:‘v-—z:E Y

@150 =(Qi6— ar) /0w (2)

where a: and o7 represent the avarage of the all answers
and the distribution as to trainer #, respectively. An-
swered data is normalized as shown in Eq. (2 ) because
the relative strength of remembrance is important
instead of the absolute strength. Equation (1) shows
the average for four trainers.

On the other hand, the answered data of trainees
was processed on the same way.

3.4 Consciousness Structure

Referring to several examples of DEMATEL
method, it seems to be best in terms of easiness of
looking at that the number of arrows in the figure is one
time or twice of the element number. Considering it, the
biggest twenty pairs in the value of a.;. were chosen,
and in each of trainer group and trainee group, we
constructed the consciousness structures by those
twenty arrows. In Fig. 2, the elements and the arrows
are shown on £-7 plane which is detailed a little later.
The numbers in Fig. 2 correspond to the ones in Table 2.
And the biggest ten pairs of the twenty in a.;. are
shown by duplicated slashes “//“ on the arrows in the
figure. We can say that the remembrance for the du-
plicated slashes is stronger than that for the others.

In order to make the intended comparison clearer
and more quantitatively, £-7 plane was used.

_ n§our+n§ink
fi—mzni , 0<6:<1 (3)

Wizniour/"i, 0<#7:<1 (4)

where 7" and #¥" represent the number of arrows
arising from element x; and that of terminating in it,

Table 1 The format of a questionnaire.

When you hear that there occured a deficiency/imperfec-
tion on element x;, does it remind you of the deficiency/
imperfection on element g; ?

(a)trainer group

—_ ;

(h)trainee group

- N
. ~
N

il@/;‘ |

0%

N
N

0.6

——> -3

04t

02

0.0

note: The shapes of O, [J and < represent the category of
“cutting, cut”, “phenomenon, physical property” and
“overall working quality” in Table 2, respectively.

Fig. 2 Consciousness structures.

respectively. And #: is the sum of #$%" and #$"X. When
summarizing in Eq. (3), the number for an arrow
without duplicated slashes in Fig. 2, is counted as 0.5.
So, Eq. (5) holds good in the case of this counting
method.

Z{}n,:SO (5)

As easily understood, the bigger is & of an element,
the relatively stronger is remembrance of the element,
source or sink. And, the bigger is 7, the more sourcewise
is the element. Several elements of “no remembrance”
are assembled in broken circle in the right part of the
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Table 2 Elements chosen.

« cutting,cut
1. single point tool grinding
2. cutting (machining)

3. finishing
4. chip

« phenomenon,physical property
5. heat

6. vibration and sound

7. selection of the quality of a stock

8. oil

« overall working quality
9. handling a stock (setting it to the lathe and
unloading it from the lathe)

10. working efficiency

11. working arrangement
12. worker’s figure
13. cleaning and inspecting

figure.
3.5 Structural Differences of Consciousness and Others

By the comparison of Figs. 2 (a) and (b), we can

.observe the differences as follows.

(1) The values of £ for element 1, 2 and 3 for trainees
are bigger than those of trainers, on the whole. Let’s
denote the averaged values for trainers and trainees as
Es and &1, respectively, £s=0.21 and &r=0.16 are
obtained. It suggests that, by relatively thinking way,
trainees are easier in remembering the category of
“cutting, cut” than trainers.

(2) As to trainees, there are many elements of “no
rememberance”, which are written in the broken circle.
It means that elements are easily categorized to “the
more remembrance” or “the less rememberance”. As
seen in the relations of element 1, 2 and 3 in Fig. (b),
each of those three elements is easy in remembering the
others and remembered by the others, thus we may be
able to categorize them to “the more rememberance”.
(3) As the values of 7 for element 5, 6 and 7 for
trainees are unity, category of “phenomenon, physical
property” is less sinkwise. It shows that, for example, it
is diffucult for the trainees to remember “phenomenon,
physical property” if they hear a deficiency/imperfec-
tion in “cutting, cut”.

On the other hand, as to trainers, the values of 7 for
element 5, 6, 7 and 8 are near to unity, thus, the category
of “phenomenon, physical property” is not sinkwise so
much.

(4) As to trainees, there is no arrow between four
elements, 5, 6, 7 and 8. It suggests that they don’t recog:
nize them as one category. For references, as to trainers,
there are arrows between element 5 and 8. And element
7 is a source of element 4, that is, “chip” which could
have the property of “phenomenon, physical property”

901

in part.

(5) As to trainees, many elements of “overall work-
ing quality” are week in remembering or remembered
(element 9, 11, 12 and 13). :

(6) As to trainees, there are no arrows between
element 1, 2 and element 4 different from trainers. And
because each of element 1, 2 and 3 is easily remembered
to each other as described in (2 ), while element 4, that
is “chip”, have less property of “cutting, cut” and have
more property of “phenomenon, physical property” than
element 1, 2 and 3, we may suggest the existence of a
strong interest in cutting itself in the case of trainees.

4. Consideration

Referring to the extracted characteristics on hand-
work turning lathe training, the followings ought to be
considered when developping lathe training course in the
future or when revising the description of a conscious-
ness structure.

(1) As explained in the previous section, in the case
of trainees, there is a tendency that they remember
“cutting, cut” if they hear a deficiency/imperfection of
any elements. And they less remember physical events
on lathe for their hearing the deficiency/imperfection of
“cutting, cut”. Therefore, when a trainer finds an
instructional necessity in letting trainees learn relation
of cutting and physical properties, the structural
difference shown in Figs. 2 (&) and (b) will emphasize
the necessity.

(2) In the case of trainees, besides the weekness of
the remembered of “phenomenon, physical property”,
the weekness of the remembrance of “overall working
quality” will offer the relevant topics for the discussion
of a trainer and the trainees, which refer to, for exam-
ple, principle of heat, knowledge of stock quality, work-
ing arrangement. In the case of the trainee who is a main
force in his/her factory, they may occasionally give an
instruction to the younger workers. In this meaning, it is
desirable to let trainees have an interest in the physical
principle as well as the empirical knowledge on their
conventional working.

(3) The procedure of the consciousness survey de-
scribed in this paper is possible to be applied to an
another region of handwork training. For the applica-
tion, the following points ought to be considered in order
to determine the appropriate elements.

(a) each element must be an essential unit in the
relevant training region(Each term must not be too
local).

(b) Wordings must be uniform in the degree of
abstract.

(c) An element must not contain another element or
not be contained by another element, in their meaning.

As a matter of fact, the words used in titles in the
relevant textbook will hint the determination well.

(4) In the figure of a consciousness structure, it is
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presumable that it looks complex because of the dupli-
cate descriptions of an element number at the actual/
convenient place on the plane.

As a future problem, a computer display system will
be useful for this problem solving using the ways, for
example, that the color of the element number of the
actual place on the screen gets to be the same as that of
the convenient place, that all of the arrows could be
drawn but the actual drawing could be manually
controlled according to the strength of remembrance.

5. Conclusion

In this research, we discussed the differences of
consciousness structures between trainers and trainees
of “lathe” based upon a survey. They may be useful to
develop a training course of machining in the future.

The procedure of data analysis described here will
be applicable to the survey of another vocational train-
ing regions.
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