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EDITORIAL

inclu d:eaa\{:d};affny o plac? before thc readers, this SCVCHL!’I issue of lhc. Journal, wfrich

ge of articles on various aspects of technical and vocational education.
d&scritl?ers: ?I?IVI:nIa}- rI;aSimore in his 'fxrtjcle on ‘Econ:ornic De‘:'clopment an.d Employment’,
——————r- v;n'f)a tool- In-tcnndustry analysis — wh1ch'deal§ with employment

A us economic development plans and outlines issues related to the
co-ordination of employment, education and training with such plans.

In his article on “Technical and Vocational Education in Nigeria: Prospects and
_Problems in a Declining Economy’ Mr. Afugbuom E.C. examines the problems of
implementing the new policies relating to technical and vocational education in Nigeria
n the context of a declining economy and suggests measures to overcome them.

The article by Mr. David Chantrill on ‘Need for Creativity and Innovation in
Techx?ical Education” refers to the increased interest in creativity and innovation in
lechn_lcal education in the Colombo Plan countries and discusses strategies for developing
créative organisations and individyals,

In the aricle on ‘The Effectiveness of Computer Simulation in Training
Programmers for CNC Machining” Dr. Yen-Fei Hwang et al report the findings of a
study conceming the effectiveness of micro-computer simulation in leaming CNC
programming skills and highlight the advantages of the simulation method.

Dr. Terry Lane, in his article on ‘Deference to Sex: Perceptual Differcnces between
Male and Female Technician Teachers’, analyses the nature of sex ‘bias’ among the male
and female technician teachers and suggests that low participation of women in technical
education has more to do with female “deference” than with male “bias”.

The article by Mr. S. Fujinawa on ‘Establishing a New Specialised Course in
Electro-Mechanics in Technical High Schools in Japan® reports the efforts of Japanese
Technical High Schools to improve the school curricula by incorporating modern
developments in electronics and its applications. He presents a plan for establishment of
a course in Electro-mechanics for modemising technical high school curricula.

In his article on ‘Subject-based Package Approach to Staff Development’, Dr. B.G.
Barki describes an innovative method to train technical teachers using a pre-prepared
instructional package and reports the outcomes of a try-out of this method for training

teachers of technician mathematics.
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Economic Development ang Employment*

DAVID L PAssMoRrg

ABSTRACT

T o . % . . -
i he article describes an analytical tool - inter industry analysis - that

devel

by an application
conclude

persist i

economic development plans.

Introduction
The Primary aims of economic
development strategies are to improve

employment opportunities and, as a result,
the economic well-being of people in
geopolitical regions. Of course, economic
development may not only create demand
for human resources, but it may also
require a proper quantity and quality of
human resources even for implementation.
Human resources are, then, both ends and
a means for economic development. The
purpose of this article is to describe an
analytical tool, interindustry analysis, that
allows examination of the employment

consequences of  various economic
developmental plans. The results of
interindustry analysis have direct
implications for coordination of
employment, education, and training
policies with economic development
efforts.

S examination of the employment consequences of various economic
opment plans. The description of the model for such analysis is followed

_ of the model to a hypothetical economy. The article
S with a brief outline of some of the opportunities and issues that
n the co-ordination of employment, education and training with

As a descriptive tool, interindustry
analysis simply portrays complex
production and consumption dependencies
in an economy. As a tool for retrospective
and prospective analysis of economiges, the
interindustry  analysis  model  allows
evaluation of the effects of actions or
events sauch as policy changes (c.g.,
establishment of import tariffs on targeted
commodities, investment in public works
projects, or redirection of government
spending) or calamities (e.g. war, epidemic
of disease, or natural disaster). Interindustry
analysis can also specify the number of
workers in  particular industries and
occupations required to fulfill various
economic . scenarios. . In this manner
interindustry analysis provides a means to
evaluate the human resource implications of
any action or event that could influence the
performance of an economy.

* An earlier version of this paper was presented as a major discussion paper at
a May 1988 meeting of the University Council for Training and Development Research
sponsored by the University of Tennessee and the Tennessee Valley Authority in U.S.A.
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This article is divided into three
sections - a description of the modcl
for interindustry analysis; an applicauon' of
the interindustry model to a hypothetical
economy; and a brief outline of some gf
the opportunities and issues that pcrsns.t in
the coordination of employment, education,
and training with economic development

plans.

major

Interindustry Economics

Wassily Leontief (1936, 1941, 1946,
1951, 1953, 1966) received the Nobel Prize
in economics for his work on interindustry
economic analysis. In this section I, first,
describe the orgins of the Leontief’s model.
Second, 1 outline the mathematics of the
model. Third, I extend Leontief’s
interindustry model to estimate employment
by industry and occupation. These topics
are merely a prelude to the next major
section of this paper in which I apply
Leontief’s model and its -extensions to
growth and change in a hypothetical
economy.

Origins

Money flows. Each dollar paid to the
baker for bread is spent, in turn, for salt,
eggs, and flour. The- mill from which the
baker buys flour uses the baker’s money to
buy grain. A farmer grows the grain from
seed, fertilizer, and fuel purchases from
suppliers. The diesel fuel supplied to the
farmer completes a long journey from
below nomadic sands to refineries to
supertankers to distribution points. Banks,
insurers, and other services support these
transactions. Wages paid to workers during
these complex transactions are saved or are
used to purchase goods and services for
household consumption. Although the
purchase of a loaf of bread is a small ripple

Journal of Technical and Vocational Education

of economic activity, ripple adds to ripple
fo crcate waves in an cconomy thy
significantly affect many industries ang

workers.

In the 1930’s, Wassily Leontief
employed an approach based on his and
earlier ecomomists’ observations aboyt
economic interdependence in production,
Leontief (1936) published a table showing
the transactions between producing and
purchasing industries in the United Stateg
economy. Moreover, he provided
mathematical tools necessary to derive
some astoundingly useful information from
the transaction table. Leontief’s method is
called interindustry analysis because it
portrays dependencies among industries,
Sometimes Leonticf’s model is called inpuy-
output analysis because it shows the
industrial input necessary to  produce
economic output

Interindustry transaction tables are
available for approximately 80 national
economies. Although the Japanese probably
are the most sophisticated users of
Leontief’s models, interindustry analysis
has been used routinely in highly developed
countries—both those that engage primarily
in central planning (Tremi, 1973) and those
that rely chiefly on market mechanisms for
the allocation of resources and for the
distribution of income (Cazes, 1972). The
United States Burcau of Labor Statistics
applies Leontief’s model to forecast
economic and employment changes in the
United States (Bureau of Labor Statistics,
1986). Developing countries have used
interindustry analysis to guide investments
for development (Economic Commission
for Latin America, 1956). Input-outpul
methods are commonly applied to the study
of growth and change in regional
economies (Hawlings, 1985). The research

2
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::)Jq)ll;; pertaining to interindustry analysis is
p ge that the official bibliographic
1: erer}cg o the American Economic
Ssociation, The Journgl of Economic

Piterature, assigns a special section to
Input-output analysis,

Model

. C_'onsider an economy with n
fndustr!es, characterized as I producing
industries and J purchasing industries
(I=J=n). Let X definc a square n-by-n
matrix with elements x;j denoting the dollar
value of output of producing industry i
purchased by the industry j. For example,
the steel industry sells some of its output
to the automobile industry. Diagonal
elements of X coniain the amount of output
of industry { that it purchases to produce
its own output. The steel industry, for
instance, uses some of its own output. X is
called an interindustry transaction matrix
describing the processing sector of an
economy.

An economy’s gross national product
(GNP), or final demand for goods and
service in the economy, contains p
expenditures in categories such as personal
consumption, investment, net exports,
government purchase of goods and services.
Let G indicate an n-by-p matrix with
elements gip denoting the dollar value of
industry i output that is not purchased by
other industries in the processing sector of
the economy, but goes directly to GNP
category p. G is important because it
reveals the priorities of a society for
creation and use of its material products.
Growth and change in the economy are
evident in alterations to G. The sum of the
rows of G is denoted as y, an n-length
vector containing the dollar value of output
from each of the i producing industries that

3

goes to meet total final demand for goods
and services. The sum of y is the total GNP
of the economy.

Let x indicate an n-length vector with
clements x; denoting the total output of
industry i. Total industrial output is the sum
of the producing industry’s output sold to
purchasing industries plus the producing
industry’s output that goes directly to meet
final demand for personal consumption,
investment, exports, and government
purchases. In matrix notation:

1)

The amount of output purchase by
industry j from producing industry i is
shown in the cells of X. The proportion of
industry j output contributing to industry i
ocutput, aij, is computed from xijj/xi. Let A
represent  an  n-by-n  square  matrix
containing elements ay. Now, equation @Y
is rewritten as:

x=X+Y,

(2
showing that total output is the proportion
of total industry output that is sold to other
industries  plus industry output that
contributes to final demand. Elements of A
are called technical coefficients, input
coefficients, or coefficients of production.

X =Ax + Y,

A — that is, the relative proportions
of inputs necessary to achieve a certain
level of industry output — is assumed to be
fixed, homogeneous, and linear. In other
words, the mix of inputs for industry i is
not expected to change (fixed), the same
mix of inputs is needed by all firms in
industry i (homogenous), and no economies
or diseconomies of scale exist with changes
in industry i output (linear). Moreover, it is
assumed that there is zero elasticity of
substitution between industry i inputs. This
means that changes in the prices of industry
i inputs do not lead to changes in the
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Jative  proportion of inputs from
T el | «ries purchased by industry
producing industrics ;_ . ]

H These m;sumpuo'ns rc_qmr.c the
input-output model considered in ‘ths paper
{0 represent a static, open cc_onomlc system.
Relaxation of these assumpuons producces a
more realistic model of a dynamic, closed
economic  system, but the resulting
interindustry model is more complex than

I am prepared to present in this paper.

Technical coefficients are assumed to
be fixed over the time interval the
interindustry model portrays. Changes in
the values of technical coefficients would
indicate fundamental changes in the
technology of industrial production. Rapid
changes in coefficients may, however,
portend severe shocks for an economy. For
example, the oil crisis of the 1970’s
required swift alterations in the energy use
in many industries and by consumers. Other
oil and energy sources were frantically

sought by producing industries and
consumers. The “energy problem” was
manifest in changes in  technical

coefficients that resulted from energy
bottlenecks in producing and purchasing
industries, with consequent restrictions in
income, employment, consumption and
total production. In practice, though,
technical coefficients are relatively stable in
actual transaction matrices in most
economies. Inspection of interindustry
transaction matrices for the United States
between the mid-1940’s and the 1980’s
would reveal remarkably little change in
technical coefficients for many industries.

The central analytical question in
interindustry analysis is: How much total
output must be produced by the processing
sector of the economy to meet final
demand? Rearrangement of equation (2) to

Journal of Technical and Vocational Education

state interindustry  transacuons  and  org)
output in terms of final demand yields:

y = X - Ax, (3)

Introduction of 1, an n-by-n identity

matrix, allows cquation (3) to be arranged:

y = (I - A)x
and, then, solved for x through:
x = (- Ay,

4)
where (I - A)'l is the inverse of the matrix
formed by (I - A). This inverse often ig
called the Leontief Inverse, the clements of
which indicate the total output requirements
generated directly or indirectly for industry
i by industry j for every dollar’s worth of
industry i output delivered to final demand.
Said in another way, the Leontief Inverse
shows how much x must increase tp
increase y by one dollar. The Leontief
Inverse is the primary analytical product of
interindustry analysis of an cconomy.

Actions or events can alter final

demand in at least three ways. First,
contributions to GNP can increase
uniformly over industries (overall growth).
Second, particular industriecs may contribute
more heavily to GNP (change in pattern of
GNP). Or, third, new priorities are evident
when GNP is redistributed among the n
industriecs and p expenditure categories
(change in distribution of GNP). Real or
proposed reorderings of GNP expenditures

can be studied by answering
mathematically a series of “what if”
questions. For instance, what if a

government shifts defense funds to support
social programs? What if taxes on
corporations or individuals are lowered?
What if a government decides to provide
tax relief to targeted industries or
individuals? What if government revenue is
redistributed  from one region to another
region? Each these changes has specific

4
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implications  for

matrix
subsequently, vector y. =

and,

A mew vector of fina] demand y* can
?grcalg;l;ted :10 reflect the altered priorities
categories SUben}an.d ey exr’end'tf’m
@ yields. > stitution of y into equation
whith shavy new _Lot_al output vector, x,

s the distribution of total output
necessary to create a different amount and
kind of final demand. Premultiplication of
X by A results in a new interindustry
transaction table which shows the amount
of Interindustry transactions required to
support the level and kind of final demand
speeified by y. Application of this
technique requires translation of the policy
under consideration into an explicit
distribution of GNP. Examination of the
new interindustry transaction table is
required to determine whether the economy
can actually support the kind and. amount
of change in GNP required. These methods
have had broad application to a variety of
practical problems. As an illustration,
Leontief (1966, ch. 9 & 10) studied the
economic effects of disarmament and the
structure of American exports and imports
(Leontief, 1966, ch 6) using these methods.
This technique frequently is called
sensitivity analysis because it allows study
of the vulnerability of an economy to
variations in the amount and distribution of
final demand.

Extensions to Employment

Each industry has a  production
function—that is, a mix of land, capital,
and labor produces the industry’s output.
Let 0 indicate an n-by-n diagonal matrix of
labor input coefficients to production.
Diagonal elements of 0, 0, are calculated
from ei/xi, where e; is the total employment
in industry i. Labor input coefficients

S5

define the number of workers needed to
produce one dollar’s worth of total
industrial output. Total employment by
industry is not calculated in the
interindustry model; rather, it is derived
from independent sources such as statistical
surveys.

Let M denote an n-by-n matrix
containing elements mjj which describe the
number of workers required within industry
i so that industry j can deliver a dollar’s
worth of output to final demand. M is
calculated by postmultiplying the labor
input coefficients by the Leontief Inverse,
or:

M =0 - A (5)

A matrix of total employment by indutry,
MTOT, is derived by premultiplying final
demand by M, or

MTOT = M Y, (6)

Where Y is an n-by-n diagonal matrix with
elements of the final demand vector, y, on
the diagonal. MTOT shows the total
employment directly and indirectly created
by a particular pattern of final demand.

Employment within- n producing
industries by k occupations is displayed in
matrix S, an n-by-k matrix, with elements
sik, calculated from: "

S = RB, (7)

where R is an n-by-n diagonal matrix with
the row sums of MTOT on its diagonal
elements and B is an n-by-k matrix
showing the percent distribution of
employment in industry i and occupation k.
Rows of B are known as the occupational
staffing pattern for industry i. B is not
calculated in the interindustry model:
rather, it usvally is determined through
pccupational employment surveys within
industries. S shows the employment by
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i i hat is required to
dustry and occupation l is
g;oducc a particular distribution of GNP,

Several other policy-relevant results
can be dissccted from S, which shows the
occupational cmployment  generated  in
every industry. First, the occupational
employment generated by ecach industry,
shown in matrix SB, is calculated from:

SB = MTOT’ B, (8)

Where MTOT is the transpose of MTOT.
Matrix SB, then, shows how many workers
in cach occupation over all industries owe
their jobs to a particular industry. Sccond,
by letting BK denote an n-by-n diagonal
matrix whose diagonal elements correspond
to column k of B, n-by-n matrix SC(k) can
be created, where:

SC(k) = MTOT’ BK. 9)

There are k SC(k) matrices that show
how many workers in a particular
occupation owe their jobs to cach of the
output delivered by cach industry to final
demand. The SC(k) matrices are referred to
as occupational employment profiles, and
they contain a highly detailed description
of the structure of demand for an individual

occupation gencrated by a specified
distribution of GNP,

The interindustry model and its
extensions to  employment estimation

provide the tools to examine the sensitivity
of employment by industry and occupation
to fluctuations in the amount and kind of
output delivered to meet final demand for
goods and‘scrviccs. A new vector of final
demand, y , can be established to conform
to altered expenditure priorities.
Substitution of y‘ Into equation (6) yields
a new MTOT matrix which shows the new
total employment required to producc a
different amount and kind of final demand.
Carrying  through calculations through

Journal of Technical and Vocational Education

cquations (7), (8), and (9) allows cstimatigp
of total employment by industry ang
occupation  (matrix  S), occupationg)
employment that cach industry generaqeg
(matrix SB), and ecmployment generated in
a particular occupation by intcrindyg
contributions to final demand (SC(k)
matrices).

The extension of Leontief’s mode] o
the estimation of employment by indusuy
and occupation is primarily the result of
rescarch by Bezdek (1974). 1 review
clsewhere (Passmorc, 1979b) studics thyy
used interindustry analysis to examine the
sensitivity of employment to actual or

anticipated economic  changes. Severa)
summarics, though, may help the reader
understand the usefulness of such Studies

for policy development and review:

Bezdek and Hannon (1974) determined
the employment effects of reinvesting
the $5 billion (in 1975 dollars)
Highway Trust Fund in the United
States in six alternative programs:
railroad and mass transit construction;
educational facilites construction;
waste trecatment plant construction: law
enforcement; national health insurance;
and tax relief. They found that cnergy
consumption would be reduced by
shifting the Highway Trust Fund to
spending in all of these categories,
except in the case of tax relief, Total
employment would be increased in all
cases, with negative as well as positive
effects on employment in particular
industries and occupations.

Bezdek (1972) analyzed the
employment consequences of Counter-
budget (Benson & Wolman, 1971),
which was a broad plan presented by
the National Urban Coalition for
reordering national expenditure patterns

6
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in the United States to emphasize
social programs. Bezdek found that
Counter-budget proposal wotild not be
politically acceptable because it would

decrease  employment  in many
occupations., Morcover, some
occupations experiencing  severe
shortages  of  labor  would require
unrcalistically  large  increases  of

workers to meet the pattern of final
demand implied by the Counter-budget
proposal,

o Because the proof of the pudding is
I ats taste, I present in the next major
section of this article a demonstration of
interindustry  cconomics  to simplified,
hypothetical economic data.

Tinkerland : An Application

So that the previous section of this
paper becomes more than a collection of
abstract accounting equations, 1 -cast a
hypothetical regional economy, which I call
Tinkerland, in the interindustry economic
framework in this section. First, 1 describe
production, consumption, and employment
in the cconomy. Second, I alter the status
quo of the ecconomy in four ways to
determine  the  effects  of  reordering
priorities for final demand on occupational
cmployment in each industry.

Status Quo

TRANSACTIONS
The regional Tinkerland economy
contains five industries: mining;

manufacturing; construction; business and
repair services; and transportation. Workers
arc employed in six major groups of
occupations based on the United States
census occupational  classification  system
(Burcau of the Census, 1981): managerial
and professional specialty  occupations;

7

technical, sales, and administrative support
occupations; farming, forestry, and fishing
occupations; precision production, craft,
and repair  occupations; and operators,
fabricators, and laborers. There are six
destinations for final demand for goods and
services produced by the five industries:
houscholds; statc  govermment;  defensc
expenditures by the federal government;
non-defense expenditures by the federal

government; inter-regional  exports; and
forcign exports.
Transactions  among  Tinkerland

producing and purchasing industries shown
in Table 1 correspond to matrix X in the
“Interindustry  Economics” section of this
article. The distribution of final demand
over industries corresponds to matrix G.
The total final demand column in Table 1
is vector y, and the total output column is
x. 'The total output of ihe Tinkerland
cconomy during 1988 was $500 million. Its
gross regional product, the value of goods
and services delivered to meet final demand
in 1988, was $202 million. Therefore,
Tinkerland actually produced more than
two times its gross regional product.
Houscholds received 40.1% of Tinkerland's
gross regional product. Almost 12% went

to statc government, 5.4% ‘to federal
defense expenditures, 13.9% to federal
non-defense  expenditures, 213% to

inter-regional exports, and 7.4% to foreign
exports.

Interindustry  transactions in the
processing sector of Table 1 show, for
example, that mining sold $9 million worth
of goods and scrvices to construction:
mining purchased $21 million of its own
output. Mining was the largest contributor
to Tinkerland gross regional product,
accounting for $67 million of the $202
million (33.2%) that went to final demand.
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21;%) mfin_ing has the highest percentage
Ot 1ts total output that went to final

demand i
industties among all five Tinkerland

N forT:rl;i rr;l.atnx of technical coefficients,
rdead Lh- tnkerland economy; derived by
b [r)g, f¢ total output of each producing
Sitinet into th_e amount purchased by
ustries (including itself), is:

21 0 09 03 0
A e 01 08 07 20 o
= 03 20 0 50 07
31 .02 38 0 03
Jd0 25 26 01 o4
The Leontief Inverse for the

Tinkerland economy i ;
: Y 1s computed b
the inverse of = e

" 79 0-.09-03 0
-01 92-07-29 0
a- A)=l —.03-.20 1.00-.50- .07

~31-.02—.38 1.00-.03 l
—.10— 25— 26— .01 — .96

/
which yields

1.33 .05 .18 .15
23" 117 30 .50

02
04

ad-Ay'=|40 36 141 82 .13
58 19 .61 138 .09
(.31 41 48 .38 1.09

a- A)'1 shows the dollar amount that had
to be transacted between industries to
deliver an additional dollar’s worth of
output to Tinkerland final demand.

How are elements in the Leontief
Inverse for the 1988 Tinkerland economy
This inverse contains the
rements generated directly or
r indutry i by industry j for
worth of industry i to final
s of the Tinkerland inverse,
r example, mining had
orth of output for itself

interpreted?
output requi
indirectly fo
every dollar’s
demand. In tetm
this means that, fo
to produce $1.33 W

9

for every $1.00 it delivered to final
demand. For every $1.00 of manufacturing
output going to final demand,
manufacturing had to deliver 23¢ of its
output to mining. For every $1.00 of
construction output delivered to final
demand for construction goods and
services, construction had to produce 82¢
worth of output for business and repair
services.

The Leontief Inverse displays the
dependencies that existed in 1988 between
industries in the Tinkerland economy as
they interacted to fulfill the demand for
goods and services delivered to categories
of final demand. The implications are that
more output is needed for all other
industries if mining goods and services are
in greater demand (perhaps more mining
output is  exported). Mining purchases
goods and services from other industries,
either directly or after they are processed
by other industries, to preduce its output.
The web of interdependencics in an actual
economy is especially gnarled because
there are many more industries and
categories of final demand than in
Tinkerland. A teal economy is like a big
ball of tangled string-pull a loose end on
one side, and another end wiggles on the
other side of the ball. The lesson: A change
in any part of an economy -usually has

repercussions for .other parts of the

economy.

LABOR FORCE

Tinkerland had 3 million people in its
1988 civilian, non-institutionalized
population between the ages of 16 and 70
years. The 1988 labor force status of the
Tinkerland ~ population, according (0
standard labor force definitions applied in

Issue 7—'90
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Labour Force Status

%

In the Labor Force (employed +
uncmployed)
Employed
Unemployed

Out of the Labor Force

n

2,200,000 73.3%

of the population
1,900,000 63.3%

of the population
300,000 13.6%

of the labor force
800,000 267%

of the population

the United States (see Passmore, 1981),
was as above.

Pcople who are unemployed and out
of the labor force represent a ‘“‘reserve
army” that could be enlisted to meet
Tinkerland's needs for additional workers
as a result of economic change, but, of
course, some mismatch may exist between
the human capital these people possess and
any new labor needs in the regional
economy.

Tinkerland industries vary in the
amount of labor they need to produce a
dollar’s worth of output. Total output
(matrix x in the section on “Interindustry
Economics™), total employment, and labor
input coefficients (diagonal elements of
matrix 0) during 1988 for Tinkerland’s five
industries were:

EMPLOYMENT BY OCCUPATION AND
INDUSTRY

The distribution of 1988 Tinkerlanq
employment by industry and occupation is
shown in Panel I of Table 2 (produced by
computing matrix S described in the sectiop
on “Interindustry Economics™). The pattery,
of employment shown in Panel I was
required to produce the amount and king
of final demand specified in Table 1.
Occupational employment varied from g
high in technical, sales, and administrative
support occupations, in which
approximately one-fourth of ali workerg
were employed, to farming, forestry, and
fishing occupations, which employed only
one in every 20 Tinkerland workers,
Mining, the reader will remember,
contributed the greatest proportion of
industrial output to total 1988 Tinkerland
output; likewise, mining accounted for the

Industry Outpur (1) Employment (2) . Labout Input (2 + 1)
Mining $ 100,000,000 600,000 006
Manufacturing $ 100,000,000 400,000 .004
Construction $ 100,000,000 300,000 .003
Business & $ 100,000,000 100,000 001
‘Repair
Transport $ 100,000,000 500,000 005

Total $ 500,000,000 Total 1,900,000

Journal of Technical and Vocational Education

Total _6;5
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Table 2

Regional Occupational Employment Generated Within and By Tinkerland Industries

Occupation (in thousands)

Producing Managerial/ Technical/ Service Farming/ Precision/ Operators/
Industry Professional Sales/ Forestry/  Craft/ Fabrica-
Specialty Adminis- Fishing Repair tors/
trative Laborers
[.Generated Within Industries®
Mining 120 120 60 30 90 180
Manufacturing 40 120 80 10 300 120
Construction 90 90 30 225 30 215
Business & 30 20 10 10 5 25
Repair
Transport 100 150 100 40 10 100
Total 380 500 280 112.5 165 462.5
T 20.0% 26.3% 147% 6% 8.7% 243%
II. Generated By Industries**
Mining 169.6 188.2 984 46.5 6.9 2194
Manufacturing 123 134.1 82.7 21.7 30.4 114.7
Construction 455 53.9 264 13.1 15:1 37.1
Business & 496 61.3 325 148 16.5 492
Repair
Transport 43 62.5 40 164 61 421
Total 380 500 280 112.5 165 462.5
% 20.0% 26.3% 147% 6% 8.7% 24.3%
*Matrix S **Matrix SB
most employment of any of the five construction industries had a higher
industries. Business and repair services had percentage of their total industrial

the lowest number of workers in the
Tinkerland economy during 1988.

The distribution of occupational
employment  within industries  varied
because industries required different mixes
of skills to produce goods and services. For
example, business and repair service and

11

employment employed in managerial and
professional specialty occupations than did
other industries. Operators, fabricators, and
laborers composed a greater proportion of
the work force in mining and
manufacturing industries than in other
industries. The interested reader can
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Employment Generated (in thousands)

2 +1
Industry Within(1) By(2) ——

ini 819.0 :
Mining 600 -
Manufacturing 400 455.9 _64

Construction 300 191.1 :
2.24

Business & Repair 100 223.9

SFifspon 500 210.1 42
Total 1,900 Total 1,900 Total%.OO

calculate the OCCupational staffing pattern
of each industry by dividing the number
employed within €ach occupation in an

industry by  (he industry’s  total
employment.
The dependency of occupational

employment on the amount of total output
of each industry is striking. Entries in panel
IT of Table 2 show the number of jobs in
€ach occupation that were generated by
each industry (matrix SB in the section on
“Interindustry Economics™). Comparison of
panels I and II indicates that, for instance,
although mining employed 120,000 people
in managerial and professional specialty
occupations (panel I), the industrial output
of mining delivered to industres and to
final demand generated jobs for 169,600
people in managerial and professional
specialty occupations (panel IT). In other
words, mining generated employment for
49,600 more workers in managerial and
professional specialty occupations in other
industries than it employed itself. In terms
of the entire 1988 Tinkerland economy,
mining was a big player-it employed
600,000 people (sum over the mining row
in panel I of Table 2), almost one-third of

Journal of Technical and Vocational Education

all Tinkerland workers. But, even more
important is that mining production created
jobs for 819,000 workers (sumn over the
mining row in panel II of Table 2) over all
industries in the Tinkerland economy.

The comparison of the employment
generated within and by each industry
isolates sectors of employment
dependencies in the 1988 Tinkerland
economy as given above,

For approximately every 3 workers
employed in mining, need was generated
for at least one other worker in the 1988
Tinkerland economy. A remarkable finding
is that business and repair service industries
employed the lowest number of workers in
the Tinkerland economy, but more than two
workers in all industries are employed for

every worker in the business and repair
service industries.
Mining, manufacturing, and,

especially, business and repair service
industries created jobs outside their own
industries. Obversely, the total industrial
outputs of transportation and construction
industries could only directly support the
employment of approximately one of every

12
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) .
WO of their workers, and total employment

in i i

n t%;ese industries, therefore, depended

e vily upon the activity of the three other
tnkerland industries.

-The dependence of employment in
any single Tinkerland occupation on inter-
mdustry transactions can be demonstrated.
For €xample, the interindustry pattern of
emp!oymem for service occupations keyed
o interindustry activity (matrix SC(k),
where k is service occupations; see section
on “Interindustry Economics”) was:

SCiservice)

(5,338 1,214 796 386 2,084 i
| 158 5,163 592 103 2,354
=| 220 483 843122 96y |
| 227 1036 635358 9972 |
L 37 102 131 30 3,703 }

The rows of matrix SC (service) are
producing industries, and the columns are
purchasing industries. Over one-half of
employment in service occupations was
generated solely from the production of
mining, manufacturing, and transportation
goods and services for these industries’
own consumption [{(5,358 + 5,163 +
3,703) + 28,000} x 100]. Transportation’s
sales to mining (row 5, column 1) and to
business and repair services (row 5, column
4) created less than 1% of all employment
in service occupations [{(37 + 30) +
28,000} x 100]. Mining’s sales 1o
transportation (row 1, column 5) and
manufacturing’s sales to transportation (row
2, column 5) accounted for about 15% of
all service occupation employment [{(2,084
+ 2254) + 28,000} x 100]. Other
Tinkerland occupations exhibit
dependencies on interindustry transactions
that can be revealed through similar

matrices.

13

Results of descriptive interindustry
analysis of the Tinkerland economy hqvc
value for formation and analysis of policy
for employment, education, and m;mm_g-
On the employment side, information in
Tables 1 and 2 clearly links producnop,
consumption, and  employment  1n
Tinkerland. In particular, panel II of Ta}ple
2 highlights industrial sectors from which
investments in growth and development
might yield a high return of jobs. In _t.he
education and  training  dimension,
information in panel I of Table 2 shows _the
demand for occupations to which education
and training institutions supply labor. Pan_el
11 of Table 2 shows how increases In
industries, seemingly unrelated to target
industries of the training institutions, can
affect the demand for occupations to which
these institutions supply labor. The role of
occupational supply in these planning
problems is explored briefly in the next
section of this article. My colleagues and I
have offered elsewhere reports of the uses
of interindustry analysis to plan education
and training (see Passmore, 1979b,
Passmore & Marron, 1978, 1982, Passmore,
Marron, Hamil, & Fowler, 1979, Passmore,
Marron, Norton, & Mohamed, 1983,
Passmore & Martin, 1977) and of research
on occupational supply to plan education
and training (see Marron & Passmore,
1979, Passmore, 1979a, in press). The next
frontier, though, is to use the results of
interindustry analysis to determine the
sensitivity of occupational employment by

industry to planned or anticipated changes
in the economy.

Changes

What would happen to the amount of
occupational employment by industry if

- Tinkerland’s priorities for final demand
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changed? The effects of four Tinkerland
scenarios are considered. First, I estimate
the employment effects of relocation of a
major  manufacturing  concern  into
Tinkerland. Second, infusion of government
revenues for improvements in Tinkerland's
infrastructure is studied. Third, * shifts in
federal spending  from  defense to
non-defense expenditures in the Tinkerland
economy are considered. Fourth, I simulate
Phe employment effects of Tinkerland’s
1r‘1volvement in a high technology adventure
similar to that required to implement the
United States government’s plans for a
Strategic Defense Initiative,

Each of the scenarios involves
changes in the amount and distribution of
final demand in the Tinkerland economy.
Other factors could affect Tinkerland
employment, but they are not examined in
this paper. For instance, I do not allow for
natural economic growth and change
beyond the scenarios considered. Of course,
these would be expected in any economy.
Also, total employment and the amount and
distribution of employment over industries
are affected by changes in labor input
co-efficients (diagonal elements of matrix
8), which would reflect changes in the
productivity of labor in industries. Changes
in the occupational staffing pattern within
industries  (changes in the percent
distribution of occupational employment in
industries) probably would go hand-in-hand
with changes in labor productivity. Some
occupations would need relatively more or
fewer workers per dollar of total output if
technology changed within an industry. Or,
perhaps change in technology might create
a new occupation and make redundant an
existing occupation. Also, fundamental
changes in interindustry transactions,
manifest in changes in matrix A, could

Journal of Technical and Vocational Education

s in the production
sulting in changeg
and patterns of
Tinkerland is 3

occur from change
functions of industries, re
in economic structur®
employment. Indeed.
hypothetical economy.-

RELOCATION

A toy manufacturer is evaluating
whether one of its plants should be
relocated during January.f 1989 to some
fallow, inexpensive kaeirland airport
hanger space. If this relocaugn occurs, the
contribution of manufaqmnng to final
demand for manufacturing goods and
services will increase by 20%. Some of the
increased manufacturing output would be
purchased by local households from a
factory outlet. However, most of the toys
made by the new plant would be exported
te other regions and to foreign markets. As
displayed in panel I of Table 3., the
relocation of the toy manufacturing facility
would add 95,327 jobs. Occupations within
manufacturing industries would reap the

- greatest share of this increase, although

jobs would be created in varying numbers
in all Tinkerland  industries: and
occupations.

Can Tinkerland sustain the job
growth implied by the plant relocation? The
answer to this question depends largely on
the supply of labor in each occupation that
is available to Tinkerland employers, a
topic  described  encyclopedically by
Sommers (1974). Perhaps some of the
unemployed in the Tinkerland economy can
fulfill the need for new workers; may be
some people who are out of the labor force
can be stimulated to seek work. Or, perhaps
some workers will migrate into the
Tinkerland region because of the new work
opportunities it affords. Whether the new
workers will need training before they can
be productive is an additional crucial

14



Table 3

Changes in Status
Economic Scenario

ECONOMIC DEVELOPMENT AND EMPLOYMENT

Quo Occupational Employment by Industry for Four Tinkerland

Employment Change from Status Quo

:ggsuc‘“g Managerial/ Technical/ Service Farming/ Precision/ Operators/
try Professional  Sales/ Forestry/ Fabricators
Specialty  Administra- Fishing ~ Craft/ ~ Laborers
tive Repair
£ tion
Mining 622 622 ! g;:m : 166 497 922 -

Manufacturing 5406 16218 10,812 1352 4,055 16,218

Construction 3,712 3,712 1,237 929 1,237 1,547

Business & 645 430 215 215 107 538
Repair

Transport 4,716 7075 4,716 1,887 472 4,716

Total 15.101 28057 17311 4,549 6,368 23,941

o II. Improvements to Infrastructure

Mining 4,621 4621 2310 1,154 3,465 6,930

Manufacturing 2535 7,602 5,068 634 1,501 7,602

Construction 26,564 26,564 8,854 6,641 8.854 11,068

Business & 3,853 2,569 1,284 1,284 642 3210
Repair

Transport 10,178 15268 10,178 4,072 1,018 10,178

Total 47,751 56,624 27,694 13,785 15,880 38,988

III. Shift to Social programs

Mining 444 444 222 111 333 665

Manufacturing 243 726 485 61 182 727

Construction 2,516 2,516 838 629 839 1,048

Business & 367 245 122 122 61 305
Repair

Transport 970 1,456 970 389 97 970

Total 4,540 5,387 2,637 1,318 1,512 3,715

1V. High Technology Initiative

Mining 2,654 2,654 1,327 664 1,990 3,979

Manufacturing 3,236 9,707 6,472 809 2,427 9,707

Construction 11,236 11,236 3,745 2,809 3,745 4,658

Business & 6,231 4,154 2,077 2,077 1,039 5,193
Repair

Transport 5,934 8,902 5,934 2,374 594 5,844

Total 29,261 36,653 19,555 8,733 9,795 29,381
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Planning factor for education and training
Insututions in the Tinkerland region.

IMPROVEMENTS TO INFRASTRUCTURE

Tinkerland politicians believe
strongly that the region’s future depends
upon refurbishing Tinkerland highways so
that potential industrial investors can count
on a sturdy infrastructure to transport their
goods and services to markets. A rider to
the Swamp Clearance Act of 1988 requires

investments of $75 million in 1989 into the
Tinkerland

! economy for highway
construction. The rider requires contracts
for highway construction to be let only to

established Tinkerland contractors. In a
press release, the government announces
that, “This Act will create construction jobs
for many people in Tinkerland”. How many
and what kind of Jobs?  Certainly,
non-defense  federal expenditures  will
absorb the increased construction output.
Without any special analysis, it is clear
intuitively that the rider 1o the Swamp Act
will add even more pressure  to  the
construction sector of the Tinkerland
economy than is likely to occur naturally.

Panel II of Table 3 contains the
occupational employment implications of
the Swamp Clearance Act of 1988 for the
Tinkerland economy. Employment must
increase by 200,722 workers to produce the
industrial output implied by the Act.
Occupational employment in the
construction industry would shoulder 45%
of the increase in the number employed,
although, as in the previous scenario, all
occupations and industries would require
incrcased employment. So, the ripple
effects of the Act actually will yield more
employment than originally. And, again, the
next question for Tinkerland planners to
consider is whether the necessary labor can

Journal of Technical and Vocational Education

to meet the employment

be supplicd s legislative action.

demands created by thi

SHIFT TO SOCIAL PROGRAMS,

Guns versus - butter... the te?(}bf)ok
economic trade-off. Tinkerland politicians
have begun to wonder whether a neu;
United States President aftelj the _cle_cgon .()
1988 will create a change in prioritics for
federal  expenditures. Som'e of lhlc
politicians belicve that the U{mcd States is
heading for an administration that w_lll
spend more on butter, in th: form of social
programs, than on guns, in the form of
defense  expenditures. In cht: :;omc
Tinkerland politicians are opumistic that a
veritable river of butter will flow, some of
which eventually will trickle. into  the
Tinkerland economy. Just what is in it for
Tinkerland?

Tinkerland's politicians believe that
20% ($2 million) of amount of 1988 federal
defense expenditures in Tinkerland will be
rcallocated immediately after the new
President of the United States takes office
in January 1988. Simple reallocation of

total  defense expenditure to total
non-defense  expenditures would not,
however, create any changes in total

employment by industry or occupation
because no changes in total output by
industry would occur. Of course, much of
the industrial output for defense (tanks,
guns, etc.) does not have a (legal) domestic
market. So, 90% of the 20% reallocated
federal defense expenditures would be
distributed to the federal non-defense
category for purchase or construction of
low-income housing, The remaining 10%
would be redistributed to households in the
form of tax relief,

Pancl III of Table 3 shows the
employment effects of the guns/butter
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trade-off  envisioned by  Tinkeriand
pohuaans The “river” envisioned by the
polmmans is a trickle, indeed 19,109 new
Jobs would be created. Although this
&moum gf increase is small compared with

€ previously considered scenarios, it may
?:l:g?lﬂg’ be a more sustainable increase

actors related

e to the supply of labor

HIGH TECHNOLOGY INITIATIVE

_ There is, certainly, a chance that the
United States government may continue to
purchase even more guns than butter if the
Strategic Defense Initiative (popularly
knov_vn in the United States as Star Wars)
continues. Tinkerland defense contractors in
{nanufacturing and business and repair
industries will benefit from increased
federal defense spending on Star Wars.
What would the employment effects of
25% increase of federal government
purchase of defense goods and services
from  Tinkerland manufacturing and
business and repair services?

Panel IV of Table 3 shows the
occupational employment by industry that
would be required to support the increased
federal defense expenditures in Tinkerland.
An additional 133,378 workers would be
needed to support Star Wars purchases in
the Tinkerland economy. Over one-half of
these increases will occur in construction
and business and repair service industries,
but substantial employment growth will
occur in all industries and occupations.

ISSUES AND OPPORTUNITIES:

Implementation of the ideas in this

paper is not without its difficulties.
Strategic  planning of  employment,
education, and training for economic

development requires knowledge of the
amounts and kinds of labor needed to fulfill

17

economic development plans and of the
employment results of the plans. Moreover,
knowledge is needed about if and how
human capital can be supplied to meet the
demand for labor that the eccmprpxc
development would create. Poliq&? guiding -
employment, education, and training must
be informed, then, by mOre than
information about labor demand. Detailed

information about sources of the supply of
labor in particular would help planners
decide whether training actually 1S
necessary to create the human capital
needed.

Unfortunately, the study of
occupational supply is sorely

underdeveloped. More work is needed- on
the functional classification of occupz.mons
(see Scoville, 1969, for an analysm of
problems that still persist). Descriptive and
functional analyses of occupational supply

are, pardon the pun, in short supply.
Studies of the homogenelty and
eterminants of occupational staffing

patterns and of labor input co-efficients
need to be integrated into analysis of the
supply of human resources.

Some .readers might evaluate the
focus on interindustry economics in this
article as a technical solution to what is
essentially a non-technical, moral,
ideological problem in modemn
societies-that of providing fulfilling work
and sufficient income for all citizens. Now,
I do not propose use of interindustry
analysis as a quick fix for economic and
employment problems. Rather, I merely
believe that many of the sincere hopes and
vague plans offered for developing
economies would be less vacuous if
policy-makers were better informed about
the direct and indirect economic and
employment consequences of various
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development schemes. Upon close scrutiny,
some of these schemes just are not possible
because they are inconsistent with the
resource base of the economy. Some of
these schemes just are not desirable
because they produce unintended and
undesirable consequences. If loud talk, hard
politics, and dogged work were enough,
then these schemes would be successful.
Unfortunately, the economic facts of life
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Technical and Vocational Education in Nigeria:
Prospects and Problems in a Declining Economy.

AFUGBUOM E.C.

ABSTRACT

This paper examines the

it affects the technical and vocational educa :
he new policy, especially in the context &

of the problems of implementing

a declining economy, are highlighted a

implementation are provided.

Introduction

Eaucation has for long, assumed a
predominant position in national
development, not in Nigeria alone, but all
over the world. Nigeria, in particular, has
long recognized the importance of
education in the economic and social
development of the country. This can be
seen from her development plans and
subsequent annual budgets, where, in most
cases. education takes the lion’s share.

The economic problems of Nigeria
which extend to eduction, thereby giving
birth to the notorious crisis within it, have
roots in the pattern and structure of
government’s expenditure for nearly two
decades. Prior to the advent of the oil
market in the seventies, the Nigerian
economy was fairly robust and flexible
enough to sustain it against fluctuations and
economic misfortunes. But when the oil
sector shot into prominence in the 1970s
resulting in the frivolous days of the oil
boom, Nigeria embarked on ambitious
educational  expansion and  gigantic
programmes such as the UP.E. scheme,
whose design and scope bore no
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new Nigerian National Policy on Education as

tion system in the cOUroy. Some

nd recommendations for its gffective

f
{
{

relationship to the need or 1S50
the economy.

Educationally, the cil boom perndad
proved regressive an 1 21
meaningful advancem:

....... -

concept of

irrelevant to th
nation so long as such disciplines were
shortcuts to prestigious jobs.

When the U.P.E. scheme prematurely
collapsed, Nigeria’s educational policy
makers conceived and formulated, the New
National Policy on Education in 1977. The
New Policy otherwise known as the 6-3-34
system, is a dream come true and a
landmark in Nigeria’s quest for qualitative
and functional education for making the
citizens less dependent on government and
reducing the government’s burden. This
paper tends to look at the new policy as it
affects Technical and Vocational Education
in Nigeria, what it set out to achieve, and
the implementation problems especially
during this period of declining economy.
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TE
CHNICAL AND VOCATIONAL EDUCATION IN NIGERIA

Techni
nical ang Vocational Education

fumreThzeI:vo?cy goveming the present and
vocational ¢ Opmer}t of technical and
Embodien, education  in Nigeria as
Education crll the New National Policy on
. o efines Te?chnical Education as
acquisiu%egt f;f educzauon which leads to the
well a5 & 0 pra;tmz?l and applied skills as
aics aSI'c S_cxenuﬁc Knowledge”. The

$ and objectives of technical education

In Nigeria are to :
1986: 19). (FME National Report,

— Provide trained manpower in applied

Scie{we, technology and commerce
particularly at sub-professional grades;

— provide the technical knowledge and
Voc.ational skills  necessary for
agricultural, industrial, commercial and
economic development;

— provide people who can apply
scientific knowledge to the
improvement and ° solution of

environmental problems for the use and
convenience of man;

— give an introduction to professional
studies in engineering and other
technologies;

— give training and impart the necessary
skills leading to the production of
craftsmen, technicians and other skilled
personnel who will be enterprising and
self-reliant; and

— enable our young men and women (o
have an intelligent understanding of the
increasing complexity of technology.

In order to achieve these objectives,
technical and vocational subjects which
were once taught in a relatively few special
institutions have become part of general
education. Technical, Commercial and
Vocational subjects are now taught

21

r secondary education
of the newly introduced 6-3-3-4 ch(_Ja“%r:
system. At the end of the three year junt
secondary education, the students mz(i));
choose to go to vocational c;cntrcs .
technical colleges to leamn skills in arts an
crafts or continue and complcte the lhr:‘f;
years of Senior Secondary educaton w ”
a view to pursuing further studies 1 .
University, Colleges ~ of TfEChn01OEYS7
Polytechnics, Technical Teachers College
and Colleges of Education.

throughout the six-yea

The structure and content of Courses

offered in technical colleges have be:en
organized in a modular system wh-lch
would guarantee that all essential practical
skills are taught and learned, whll.c at Lh,C
same time allowing for each individual’s
training to advance at his or her own rate.
The system of certification based on the
criteria for City and Guilds of London
Institute has been almost completely
replaced by School Certificate (chhnic-al)
awarded by the West African Examination

Council (WAECQC).

Sample of a programme in modules
is as under:

Modules of Employable

Programme
skills

Mechanical Fitting

Engineering Tuming and lathe work
Milling machine
Boring
Inspection and measurement
Press, Jips, and fixtures
Tool and die making

Drilling, planing and
slothing
Grinding
Valves, Pumps and drive

components.
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.In full awareness that for an effective
Iechmf:al education teaching staff is an
essenual  pre-requisite, the jssue of
production of technical and vocational
teachers is ga priority to the Nigerian
Government. These leachers are being
produced by Federal Colleges of Education
(Tecf_mical) and other institutions of higher
leaming  which include Colleges of
Technqlogy, Polytechnics and Colleges of
Education at both Federa] and State levels.
Due to the demand for teachers for the
technical and vocational components of the

new  secondary education structure, the
Federal Government has decided 10 open

six new Federal Colleges of Education
(Technical).

In-service staff development
programmes for technical instructors have
been established at the national level in
collaboration with international agencies
and by bilateral agreements with other
countries. Courses offered include:

— Management  of  technical and

vocational institutions.
— Skills upgrading for technical teachers
— Audio visual-aids training

— Group training courses for vocational
teachers.

Implementation Problems

The philosophical basis of the new
policy is developmént of individuals into
sound and effective citizens with provision
of equal opportunity for all from primary
up to the tertiary levels.

the success of any
system depends on proper planning,
efficient administration and adequate
funding. Robert McNamara, former
President of the World Bank, once said

Nevertheless,
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N ing Countrics v
Dcvc(;og Lﬁcir educational systcm over
expa"qft quarter of the century. By
ilexcrfhhof the cxpansion has beep

misdirected resulting 1nto ofnc of-lhe
most disturbing paradoxes of our time,
While  millions of ' pcople are
unemployed, millions of jobs are r‘:’a‘_uﬂg
to be done because pcople ‘wnh the right
education, training and skills cannot be

found”.

This candid comment.of the learned
economist, highlights a mz_ljor_ problem of
educational planning in ‘nger;a and most
of the developing countrics.

In Nigeria, for instz}nce, lack ‘of
foresightedness, imprecise _ policy
formulations, hasty ambitious planning and
misdirected expansion constitute the major
drawbacks of educational planning. When
planning, possibility of . changing
circumstances are rarely taken into account,
These and many administrative lapses,
continue to hinder the development of
qualitative and functional education in the

country.

Halfway into the middle of the
1980’s, Nigeria’s cconomy decteriorated as
a result of a drastic fall in the oil market.
This ushered in the impending oil doom
which extended to subsequent governments.
As a result of this economic predicament,
the Federal Government found it very
difficult 10 adequately fund education at all

levels. As Nigeria’s economy suffers
pathetic  decline, the then Federal
Government under the Shagari
administration, came out with  more

stringent economic measures known as
“austerity measures” — which were geared
towards  revitalizing  the collapsing
economy.
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comin"lj'l:g _ Weakening  of  resources
S o the subscquent Mil itary
mment. The Bubhari/ldiagbon

féiﬂ;;tclllsmuon has not had better luck with

g _to resources. However, they left no
one in  doubt with regard to the
implementation of cost-saving- devices
low.ards proper direction of revising the
polfcy. Nevertheless, it is now clear that the
policy is almost beyond us.

_ _AS a result of all these acts of
om{ssmp or commission which affected the
policy immensely, proper implementation
of qw Policy has eluded us. Right from the
beginning, the Government committed itself
by arrogating to itself the full responsibility
of i?nancing eduction at all levels, thercby
motivating complete over-dependence on
the government by the populace. This
assertion is justifiable when we look on the
first sentence which introduced the New
National Policy on Education. This
categorically declared that “Education in
Nigeria is no more a private enterprise, but
a huge government venture that has
witnessed a progressive evolution of
government’s complete dynamic
intervention and active participation”.
Based on this, one would say that
government made only a vague reference
to the question of encouraging all to share
the responsibility of financing education.

Another problem which militates
against the proper implementation of the
new policy is the issue of raising additional
resources to meet the demand of the policy.
The enrichment of the secondary school
curriculum has led to the emergence of
some new subjects such as Introductory
Technology. This is intended to make the
child learn to use his head and hands, and
also respect the dignity of labour. The
implication of this is that a large number
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of instructional materials and qualificd
rscas

manpowcr arc now required from OVC o
since Nigeria cannot produce cnough. Wi

current Structural Adjustment Programm¢
(SAP) which encourages €OSl saving
measures, money available —can onl'y
provide very little. As a result of Lh:;
economic programme which started w1

Sccond-Tier Foreign Exchange Mar%(cl
(SFEM) now FEM, the naLionaI'pohc_y
suffered a lot of set-backs wh':ch, if
appropriate care is not taken, will also
follow the footsteps of the UPE scheme.

Eduction  under the

“Planning”
ent Programme

current Structural Adjustm
has to be restructured to give room for
proper implementation of the educational
system. Nigeria, in the first place, shou.ld
devise -certain realistic measures that will
enable our weak economy maintain the
present educational — system. The m_ost
nagging problem with Nigeria’s education
planners and policy formulators is that they
are not tzking pride in what they have. The
question is: why should they go borrowing
concepts from foreign countries? Although
there is nothing wrong in borrowing what
is good from another country, one has to
be very carcful and selective in borrowing,
for it is not everything that is good in one
country could be equally good for another.
That is why the proponents of ‘“cultural
borrowing” in eduction headed by Brian
Homes warned against borrowing
dogmatically. Therefore, for the new policy
on education to be effective, Nigerian
policy formulators must take pride in

originality.

As it is with all curriculum
innovations, our hope for the overall
success of the new policy on eduction rests
on its being subjected to constant review
using the cyclic process of curriculum
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Aims, goals and
cbjectives

£

Evaluation

T

Selection of learning
experiences

Selection of Content

Organisation and integration of
learning experiences and content

development long recommended by
Wheeler (1967) as cited by Adeyegbe
(1987). This is depicted above.

Constant review of what Halliwell
(1972) terms 4A° viz Aims, Actions,
Assessment and Adjustment of the system,
will safeguard our hopes as we live and
grow with the system. If by our act of
omission or commission, the new policy
collapses, then on our epitaphs as teachers,
curriculum experts, educational
administrators, inspectors of eduction and
government policy makers students of this

generation may write:

“Here lie the graves of the so-called
experts, torch-bearers and innovators at
the frontiers of knowledge wha have
prevented us from benefitting from the
lofty ideals of the 6-3-3-4 educational
system”.

Journal of Technical and Vocational and Education

Recommendations

The following recommendations are
provided for effectively implementing the
new policy:

— The personnel sector should be
re-structured. The system introduced a
number of new elements which calls
for the right calibre of teachers with
the right skills and attitudes.

— Government should introduce
apprentice system by employing local
engineers such as road side mechanics
and local electricians as practical
instructors in our schools. This if
effectively utilized will yield better and
practical results.

— Government should involve all groups

of people in the funding of education.
Local Communities and private
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organizations should be mobilized for
the purpose.

Ur_lder current  diminishing cconomy,
private industrial organizations should
be compelled to contribute their quota
tow_'ards the development of
Universities, Polytechnics, Colleges of
Technology and Colleges of Education.

Government should continue
establishing centres for the design and
manufacture of science equipment and
other teaching  aids locally. The
government should pump cnough funds
to them to enable them come out with
the necessary and relevant material
needed for the implementation of the
policy. This effort if supplemented will
ease the difficultics of importing the
equipments from overseas.

Conclusion

This new system of education, the
sccondary school component of which was
launched in 1982, became nccessary
because of inherent deficiencics of the
colonial system whose sole purpose was
producing workers for white collar jobs.
Such a system is totally inappropriate and
inadequate today for developing countrics

like ours, since it cannot equip its products
know-how for

with the technological
mastering their cnvironment and
surmounting the problcms of

; he
underdevelopment. The major th“fS[ qf :
Eduction is the

Nigerian National Policy on f d
functionality of its sccondary cducation 2 >
the genuine opportunity provided
students for sclection of subjects from 2
wide varicty of offerings tailored (0 suit z;
widc range of abilitics. The Pfc“"(’cauor_'?
subjects are aimed at providing oppor tuni ();
for students to learn subjects that could lca
to sclf-reliancc in cmploymcm,‘ or “_’ et
profession where challenges for immcdiate
contribution to the development of our
socicty abound. Thus, it can be scen that
the sccondary school componcnt of 'Oltlf
new system of cducation has |J'1c cardinal
advantages of enriched curricula, the
building up of manipulative skills and the
development of a technological culture, all
of which are pre-requisites for a respectable
and dignificd entry into the 21st century.
Finally, onc would like to caution our
cducational planners, - policy makers and
cducational administrators oncc again that
it is high timec they placed adequate
emphasis on national unity and cxcellence
in scientific and technological progress.
Nigeria is lagging bechind in economic
development, because  we confer more
priority on distribution of the national cake
rather than baking it for sclf-reliance. The
focus should be on clfective
implementation of the policy through the

turbulent formative ycars ahcad.
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Need for Creativity and Innovation in Technical Education

DAVID CHANTRILL

ABSTRACT

This paper looks at technological changes taking place in many of the
regional member countries of the Colombo Plan and examines their
implications for technician educators. It suggests that the increased interest
in creativity and innovation is consistent with the need to shift from an
emphasis on teaching product skills to that of teaching process skills. Barriers
o the development of creative and innovative skills are discussed and
strategies for developing creative organisations and individuals are presented.
The paper concludes with some thoughts on thinking and gives some
guidelines to improve the clarity of thinking.

Introduction

The Ilast few years have scen a
growth of interest in the theme of
developing creative and innovative skills
and it is legitimate to ask .. why this
sudden interest? Before I attempt to address
this question it may be of value to explore
the origins of this desire to stimulate
creative and innovative behaviour.

For many years Switzerland has
enjoyed a high reputation in terms of its
creative and innovative approach to design
of its established niche arecas of
manufacturing and this is particularly
evidenced in its watchmaking industry. This
industry has been able to maintain its
competitive edge despite dramatic changes
in quartz crystal technology. It is also
interesting to note that this competitive
edge has not been maintained by reducing
price, but rather by an emphasis on quality
and design. More recently, many
industrialized countries look at Japan with
a view to identifying the reasons behind its
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phenomenal industrial successcs.  Many
serious students reach the conclusion that
much of Japan’s success is based on
innovation as distinct from the creation of
entircly new ideas and concepts. No doubt
this situation is rapidly changing since
Japan today docs commit a huge amount
of resources to rescarch and development,

It is probably relevant at this point to
make the distinction between creativity and
innovation.  Actually  defining  and
distinguishing between these two terms is
casier said than done; however, I have
chosen the definitions given by Robert
L.Kuhn' °

“CREATIVITY is the process by
which novel ideas are generated.”
“INNOVATION is the process by which
those novel ideas are transformed into
things tangible and useful.”

Incremental improvements in existing
products are therefore viewed as
“innovations”. The use of quality circles
results almost invariably in innovations.
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One of the difficulties with maost definitions
is that it is not possible to say that things
are either totally black or totally white and
it could be argued that innovation requires
an element of creative thinking. As Kuhn
points out ... “Creativity without innovation
is aimless, while innovation without
creativity is sterile™.

Getting back to the question that I
opened up with, the key is really 0
maintain a competitive edge and creativity
and innovation is a critical dimension of
strategic planning and thinking. There 1s
probably a strong linkage between the

N

wegic planning and
re creative and
kforce. Thosc industrialised
who have moved  away ﬁ:c)m
labour — intensive 10 1cclmf)logy - 1:1[cnbw(;-
r;laﬁllfznctllﬁrlg ncc.cl a dlﬂl'cr_c‘::ll ype o
work force to survive and thrive.

terest in stri

: (in
gmwlh 0 S of @ mo

the developm¢

innovative wor

countrics

Rationale ‘ |
This shift away from labour—intcnsive

lcchnolmzy—inlcnsivc manufacturing may
be ously occuring in other scctors

be simultancous ‘
of the cconomy too, such as
banking/ﬁnancinl services and ‘scrvncc
N
/)
// /
P // /
Y, \\
\\\\
W\
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] TECHNICIANS

SCIENTIST 7 ENGINEERS / TECHNOLOGIST

SKILLED WORKERS

N SEMI-SKILLED
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industries. The logical  question for
educators to ask 1S .. what are the
Mmanpower implications of such changes?

The}: areé causing macro-leve] distortions to
previous

patterns  of he manpower
Spectrum. Whereas one coylg once roughly
describe  the

manpower
mid shape,
ore like 3

SPECtium in the form of a pyra
mow it is starting to look m
“flower vase”. This is illustrated

These  diagrams depict  the
quantitative shifis taking place in the
workforce, but side by side there are
significant qualitative shifis, The level of
technology in the work place has risen
dramatically as has the diversity. If one
translates these shifts into training needs
say at the technician level, then it is easy
to reach the conclusion that traditional
“one-shot”  twofthree  courses  which
emphasise product skills, will become
totally inadequate in a relatively short space
of ime. This necessitates radically different
approaches to curriculum structure and
design. Not only will the need for
continuous education become stronger and
stronger, but also the nature of technical
education will need re-thinking. Today's
and tomorrow’s technicians need a much
greater emphasis on the devclopmem- of
process skills, rather than product skills.
The complexity and diversity of the
technology that they are being asked to
manage is such that they cannot hope to
maintain their currency in terms of product
skills, but the real comributifm that they
can make is by the 313171103‘10‘1 of more
effective and efficient mmklng Skl_ns- If
one accepts that we are Igvmg mh'a;:
ever-shrinking world 1n l:’ lio
protectionism will decline, then th_e gz _
any nation’s economic SUCCESS \.’qll dH;
its ability to maintain a compeutive edg
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in page 28.

in niche areas of activity. The best resource
any country has is its people and the key
lo economic success will increasingly be in
the resourcefulness of the people. Their
Creativity, innovation and hardwork  will
provide the engine of growth,

Barriers

The greatest single barrier to
Creativity and innovation that I know of is
the educational system. I am surc that this
IS true of most countrics. It is sad to recall
how inquisitive and curious we all were as
small children. Ruggeri02 in his book on
“The Ant of Thinking” quotes a rescarcher
who recorded all the questions asked by a
4 year old child over a 4 day period. There
were 40 such questions! Even parents grow
weary of answering such questions and
begin to discourage them with remarks
like... “don’t ask so many questions”. This
attitude is reflected in the saying....“little
children should be seen and not heard”,
When the child enters school the situation
frequently becomes worse, with too many
children and too little time for a teacher to
be concered with individuals. Children are
told to be quiet and soon they lose the habit
of questioning. Creativity and innovation
continue to be stifled by the one problem,
one solution syndrome that is especially
practised in science and technical
education. Some years ago, when 1 was
teaching engineering courses at university
level in Australia I decided 10 set
examination questions wherein surplus
information was supplied - invariably
students found some way of using the
useless data, often making previously
correct solutions wrong. The point is that
they had been so conditioned to hav:mg the
exact amount of information required to
solve the problem that almost nobody had
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the  problem at
technical education
Pré-occupied  with
problems that

Scientific and
has  been 5o
“closed end” typc
their  swdengs are often
i when jt
tackling “open-endeqd”
IS not merely coincidence that the CEQ’s
of many  manufactyri 3
non-technical people,
Organisationa] proble
On a day (o day

meaning that crea
element

Strategy .

ms that are confronted
basis are open-ended,
Uvity is an essential
of successful problem  solving

Another manife
problem, one gopug
self-imposed barrier,
failed to solve problems which require a
3-dimensional approach by using
2-dimensional thinking! As if (o further
illustrate that we are some kind of prisoners
of our own environment, we frequently fail
to be creative or innovative by conforming
o others’ expectations. Instead of giving
your honest, frank opinions on an issue you
tell the boss what you think he wants 0
hear! This too is a barrier to creativity and
is reinforced by another associated barrier,
namely the fear of looking a fool. Being
different is often viewed as risky, especially
in bureaucratic organisations, so we take
the easy way out and maintain the status
quo. You can’t make a mistake if you don’t
do anything is the philosophy of this school
of thought. One of the greatest - traps
technical people (analytical thinkers) seem
to fall into is their desire to evaluate ideas
too quickly. Analytical thinkers usually

sitation of the one
On syndrome is the
How often have we
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problems. Perhaps it

i kills, bug
d evaluauvc S » )
have highly develope Edward D¢ Bono §3

e A
unfortunately, t0 Us e also predominantly

[ they ar
p?raiczzotg{’;inke; This means they focus
blac

‘ve - why the idea will
on the loggilcn;ﬁztlﬂt’)iirrier that is worth -
not work. specifically is the fallu‘rc to
mcnuonmglhc obvious. W¢ oftcn_a§sumc
cha]lcngt_3 be facts and ofteq this. s not
informauonAlObc[tcr understanding  of the
the case.

like data
n terms 2
ifference  betwec

?ri?cf)ennation, opinion, truth and fact would

help in this regard. )
I Hhave recently come acro ‘ Ein
article? which suggests 1()1' 't;xglnysso.:;
enhance creativity in an Orgade‘w[C;ncms
suppose that by rcwordmg l.hoscfs] m,
we could come up with a list ,0 L ! \g]ays
to kill creativity. However many r}; em
could be classified under the -‘igmlcrs
already discussed, but I do recognise that
these are by no means exhaustive.

Suggestions for Skill Development

Highly creative organisations do not
happen by accident, rather l_hc.:y are
designedly so. Advertising agencies are
perhaps good examples. Recognition of this
gives us a great insight by first alerting us
to the fact that organisations can take steps
that will greatly increase the probability of
an organisation becoming more creative,
even with the same staff, We  could
visualise three basic levels at which efforts
to enhance creativity could be directed.
These are the lop management level,
wherein the major task is to develop a
conducive organisational climate; the
departmental level where the degree of
autonomy would appear (o
fac.lor and thirdly at (he individual level.
This is shown conceptually in next page.
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ENVIRONMENT
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The concentric circles indicate the
harmony sought between each level; that is
a conductive management will result in
greater creativity at the departmental level
which reflects increased creativity at an
individual level. A second, and equally
important point to note, is that the
organisation has to be viewed as an “open
system” having frequent transactions, taking
place across the system boundary in order
to be dynamic. Indeed, systematic
environmental scanning is a key aspect of
strategic thinking.

Perhaps the key to developing a more
conductive organisational climate lies in a
relaxation of bureaucracy and a
corresponding increase in the degree of
autonomy that functional units and
individuals enjoy. It appears to be a
characteristic of creative people that they
prefer to work in a climate of greater
democracy and freedom, and rules and
regulations are often viewed as inhibitors
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to such creative pursuits. Of course, senior
management has to finely balance issues
like control, authority, responsibility and
accountability against performance.

It is now commonly understood that
the skills of creativity and innovation are
not entirely genetically inherited
characteristics and proper training can
greatly enhance these skills. The nature of
training required can be inferred from the
discussion on barriers. Certainly the
development of problem solving skills
stands out as a priority area and would go
a long way to improving the present
situation. At the senior management level
these efforts could focus on the themes of
strategic thinking and strategic planning
since vision and proactivity are essential to
the long term health of organisations. Here
due emphasis needs to be placed on such
techniques as “environmental scanning”
which involves a systematic analysis of the
present external environment as well as
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f‘:}tﬁglpts to fo_recagt likely future changes
busines.z,mug1 Impact on the organisation’s
Stratepi ) erlal{]]y the creation of a

“BIC  planning  unit  within an
orgarflsation can make a significant
contn.bution to its health and wealth
especially so since this becomes a major

lnput-to Corporate tactical and operational
Planning,

Experience in industries that produce
consumer products have shown that the key
to market performance lies in the concept
of quality. When we examine public
Systems of technical education there has in
Técent years been a major trend towards
Increased accountability but unfortunately
most of this effort has been directed
towards quantitative accountability; that is
an  analysis of the numbers of staff,
Students, dollars, equipment and building,
etc. Relatively less attention has been
focussed on qualitative accountability. It is
somewhat disappointing to observe that this
has produced a sort of mind-set in
educational administrators and managers.
When they are asked for suggestions on
how the system may be improved they
come up with predictable lists like provide
more  staff, equipment, money, and

building, etc. Almost nobody is prepared to.

take the view...given this situation and
quantum of resources how can we best
utilise them, or, how can we generate
additional resources and create a more
favourable situation. This requires a
creative, innovative approach to thinking.
There is a real need to change the mind-set
of individuals and specific training on
themes such as strategic planning, problem
solving and  alternative approaches to
thinking would help, as would value
education. I do not believe there is an
acceptable short term solution, but rather it
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since such an approach
oduced at all levels o

10 fer all this mind-set hf‘s_ been
educauon-b o mini-lifetime of condfuoning
produced ¥ pect the re-condldoning

i ex _1e-COn
SO wes rlr:g:ltso take a mini-lifetime, Bigt
roces : .

Ipgrogress will be incremental |

Earlier I mentioned the experience in

nsumer—related industries amlj] their

co hasis on quality, which brought abou

fhxgp “fiiflespread use of quality circles. Thig

y applicable to the tertiary
education system and could work very we]]

departmental level. It should be noted
?}tla«';l the major thrust of qualxty.cgcles 5
innovation as opposed to creation. Here
existing products, progesses are a“al_ysed
with a view to making improvements either
in design features, Or more usually in
production processes, SO as to reduce the

rate of défects.

Naturally the bottom line 1o
enhancing the creativeness and
innovativeness of any organisation is the
individuals who make up the work force,
Management can do a great deal to
influence these individuals. Firstly we must
recognise that over any given timeframe
the work force is made up of (a) new
recruits (b) existing staff. Just as it is
possible to measure with some degree of
success characteristics and skills such as IQ
and aptitude, it is also possible to
“measure” creative and innovative talent.
Some  corporations employ trained
professional psychologists when recruiting.
Thus we should be able to incorporate
creativity. and innovativeness into selection
criteria. This will go a long way 0
developing a conducive “corporate culture”.
To complement this strategy, acknowledged
change agents already in the organisation
should be recognised and encouraged. If
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.[his_ is done too, then pretty soon the herd
insunct will start to convert others in the
organisalion to a more positive attitude
'towz}rds Creativity, innovation and the
.mev:_table changes that result. Finally an
1depuﬁable staff  development strategy
which puts the development of creativity ,at
the forefront will reinforce the other
strategies in place.

.A word of caution is perhaps in order
at this junction. No organisation wants
“creative chaos”, rather we need to
constantly remind ourselves of the need for
harmony of effort. Creative organisations
may well require even greater skills of
senior managers to ecnsure that all this
creative effort is productive and consistent
with the overall goals,

Thoughts on thinking
Ruggiero defines thinking thus:

“A  purposeful mental activity over
which we exercise some control”.

The notion of control is crucial to the
definition and leads to the view that
sub-conscious mind drifting, such as we
might experience in dreams, does not
constitute thinking. However, this does not
mean that unconscious thinking can play no
part in purposeful, mental activity; there is
ample evidence to suggest that it can!
Rather we are distinguishing between active
and passive thinking. Breathing and
walking are examples of passive thinking,
wherein humans are capable of putting
themselves into “automatic transmission”"

A more formal definition of thinking
could be stated thus®:

“Thinking is any mental activity that
helps to formulate or solve a problem,
make a decision, or fulfil a desire to
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understand. It is searching for answers,
a reaching for meaning”.

De Bono introduces the ideas of
reactive and proactive thinking and
suggests that most of us tend to develop
only our reactive thinking. It is the
proactive thinking that requires creativity
and innovation because it is here that we
are “making the map, rather than following

»

one .

One of the inhibiting factors that
holds back the development of creativity
and innovation is often the mistaken belief
that these skills are somehow unteachable.

As James Mursell notes:

“Any notion that better thinking is
intrinsically unlearnable and untcachable
is nothing but a lazy failacy, entertained
only by those who have never taken the
trouble to consider just how a practical
job of thinking is really done.”

An appreciation of this last point
together with a better understanding about
thinking are no doubt significant steps in
the right direction. The removal of
mystique and confusion will lead to clearer,
better thinking skills. This is in essence the
message that Edward De Bono gives in his
book titled “Six Thinking Hats”, and it was
written with the express purpose of trying
to simplify thinking processes. He avoided
theories almost entirely but rather used
them in the most practical way. Basically
De Bono’s point is that most thinking is
confused and focusses on an argument
style. Much of this masquerades as logical
argument, when in reality it is a hotchpotch
of emotion and opinion mixed with a sparse
dose of facts. He suggests that we should
recognise the basic types of thinking,
separate them out and carefully record the
output of each type of thinking on a “map”.

Issue 7 — ‘90



DAVID CHANTRILL

He  developed a kind of thinking
Ck_lSSiﬁcation scheme wherein each type of
ﬂgnking was  clearly identified with a
thinking hat of a specific colour. This he
maintains has a significant added advantage
of allowing people 10 record their
previously  somewhat difficult to express
Ihou_ghts, by using the protection of role
Playing. People can be asked for their “Red
Hat”  views for instance and they
consciously respond by wearing this
coloured hat ang giving their feelings and
émotions on the issue being discussed.
Without the protection of the hat, people
may be reluctant to express such views or
€ven confuse emotion with objectivity. The
objective of the thinking process should be,
according to De Bono, to record the key
points made under each of these categories
On a sort of thinking map. If this is done,
then the best route will often become

immediately apparent.  Confusion is
dissipated.

Concluding Remarks

“Thinking is the ultimate human
resource.” In the past the training emphasis

: to the development of thinkip,
. ith rﬁf]li]z;]t persoﬂﬂcl has been on “black
in lc Cminking, that is the logical negative
- of why something will not worg
type ¢ is now a greater recognition of the
I:; to actively prom?te the de‘_’elopment
of creative and innovative talents in People,
Whilst this is undoubtedly a step in the

w

right direction, W¢ need 10 keep iy
perspective the need for balanced thinking
and a map-making  approach (g

decision-making. Otherwise the pendulum
may swing too far and we cpuld end up
“throwing out the baby wiith the baty
water”. Public systems of technicg]
education  are  finding themselves
increasingly in a competitive
business-oriented environment. The fast
pace of technological change demands new
approaches to curriculum and instructional
systems. Failure to respond could spell
disaster for technical training institutions
and the issue i1s not whether we need a
greater emphasis on the development of
creative and innovative skills, but how to
go about it.
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The Ef fectivene

ss of Computer Simulation in Training
Programmersg

for Computer Numerical Control Machining

YEN-FE] HWANG AND W.D. WOLANSKY

ABSTRACT

The paper reports the findings of a study concerning the effectiveness
of microcomputer simulation in learning CNC programming skills. The results
revealed that there is no significant difference in achievement among students
Using @ microcomputer with a partner, using a microcomputer alone, and
those who did not use a microcomputer simulator. However, the number'of
questions raised per student in each group during the programming practice
period was  significandy different. It was also noticed that during the
experimental period students in the groups of using computers were more
motivated in learning programming skills. It was therefore concluded that
computer simulation is as effective as the traditional method. However, the
teacher in a CNC laboratory could spend less time with students when they
are working on a microcomputer simulator in pairs and as a consequence

the teacher can spend more time helping students who are running programs
on a CNC machine tool.

Background

control machine 0ol also reduced the

Numerically controlled machine tools,
commonly referred as numerical control
machine tools were first developed in 1952
at  the Massachusetts Institute of
Technology (MIT) laboratories. In 1949,
the United States Air Force sponsored
research to develop machine tools that
could be programmed to produce parts of
different sizes and dimensions
automatically. This research program was
initiated in response to the increasing cost
and complexity of aircraft parts. As a
result, a numerical control machine tool
was developed that could produce a number
of different complex parts on the same
machine by simply changing a computer
program and retooling. The numerical

35

chances of human error by producing each
picce in exacily the same way.

Various other machine tools for
turning, milling, planing, sawing, forming,
shaping, reaming, boring, and grinding

could also be incorporated with the
numerical controller.

The more recent advent of Computer
Numerical Control (CNC) systems has

resulted in more powerful applications of
computers in manufacturing.

Due to manpower needs in the
manufacturing industry, computer
numerical control machine tool operation is
expected to be the fastest job-growth area
among machine tool operators in the next
decade. This growth is needed because of
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world-wide production competition,
continuous advances in machinc
technology, and the demand for greater
precision and higher quality products at a
lower cost. The result is a growing use of
computer numerical control machine wols.

According to thc Burcau of Labor
Statistics, among machine tools operators,
the demand for numecrical control machine
tool operators is rclatively high. The
number of numerical control machinc tool
operators was expected to risc by about
45% in the 1982 to 1995 period (Nordone,
1985).

To prepare young students for a
carcer within modern industry, it is
advisable for educational programs (O
include both theory and practice of the
CNC technology.

Basically, vocational technical
cducation programs should be able to
supply the needs of the society. and the

community. In an industrialized
community, schools should be able to
supply qualified skilled workers,

technicians, or engineers for industry. There
is an urgent need for the implementation of
numerical control curricula in high schools,
community colleges, and universities.

In the past ten years, CNC curricula
have spread from the college and university
levels to some senior as well as junior high
schools. Although there are still many
schools that do not have CNC equipment,
in the foresceable future, these schools will
be able to access CNC machines. It is
obvious that there is a growing awarcness
of the need for education in the field of

CNC technology.

*  The CNC machine still represents a
high-priced equipment item for local
schools, event though the price has been

Journal of Technical and Vocational and Education

gradually decreasing. How'to make a CNC
machine tool ~more effective as an
instructional device is the responsibility of
educators.

' The other aspect an educator
take into account is the issue of safety in
the use of CNC machine tools, as any
mistake or programming crror could causc
very serious damage to the machine tool or
cause personal injury. Veritying the
accuracy of the prepared CNC programs
before sending them into the CNC machine

must

is of vital importance—one of the
important jobs for the CNC lab instructors.
The CNC program simulator is

designed specifically for CNC trainees.

This is a microcomputer which is used to

simulate the CNC program. The simulation

package can deiect possible mistakes in the
program, and can display the tool path on
the computer screen. The advantage of the
CNC program simulator is that, by
checking a CNC program on 2
microcomputer screen before sending the
program to a CNC machine tool, the
student and the teacher can be sure that the
program is error-free; this prevents mistakes
happening on the CNC machine tool.

For most of the local schools or
technical training centers, the budget is
always limited. It is not likely that a school
will have more than one CNC machine of
the same type. That mecans probably not
every student has a chance to mun a
complete program on a CNC machine tool.
However, low-priced microcomputer
simulators can reduce the time students use
on the CNC machine tool. If students write
programs and simulate them on simulators
instead of on a CNC machine tool, the
student will then have more time to share
on an available CNC machine tool.
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e eﬂ'{:]cfi CXxperimenter wag interested in
Simmatorsv;r;]ess of [!IC CNC machine tool
- mere. € question to be answered is:

any  achievement

betwee difference
veriﬁcalzi a4  computer-assisted program
On  approach” and gap instructor

verification approach?”

incxpell’;risonal_ computers are now relatively
g l\]'e picces of equipment. But, for
possiblesc ools, it is not economically
' ° 10 obtain a sufficient supply of
stmulation computers. In this case probably
more than one student will be e:épeclcd to
share a computer.

. So, _lhe Next question to consider was:
. Can we identify any significant difference
In achievement between the students who
work alone and the students who work in
groups of two?”

Purposes of the Study

_Thc purposes of this study were (1)
o investigate the effectiveness of
microcomputer simulation and (2) to
compare the difference in skill mastery and
in the need for a teacher’s assistance among
the students who work on a microcomputer
with a partner, those who work on a
microcomputer individually, and those who
do not use a microcomputer in learning
CNC programming skills.

Methodology

Hypotheses of the Study

1. There is no significant effect of
mathematics  scores upon  the
achievement of CNC programming

skills.

2. There is no significant effect of
drafting scores upon the achievement
of CNC programming skills.
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3. There is no significant effect of
computer concepts class - upon the
achicvement of programming skills.

4. There are no significant achievement
differences among the three groups of
students who used a computer with a
partner, used a computer alone, and
the control group which did not have

access to computer simulators.

5. There are no significant achievement
differences betweens students
verifying CNC programs by working
at a microcomputer simulator with a
partner and those working alone.

6. There are no significant achicvement
differences between students
verifying CNC  programs by
microcomputer simulators alone and
those verifying CNC  programs
through an instructor.

7. There are no significant achievement
differences between students working
at a microcomputer with a partner
and those verifying CNC programs
through an instructor.

8. There are no significant differences in
the numbers of questions asked per
student, as measured during the
practice period, among the three
groups of students using a computer
with a partrier, using a computer
alone, and those verifying CNC
programs through an instructor.

Sampling subjects

The sample consisted of ninety male
students enrolled at the National Yunlin
Institute of Technology in Taiwan during
the 1988-1989 school year. These students
were all majoring in the mechanical
engineering and the mechanical design
Associate  Degree  programs.  Their
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educational backgrounds were equivalent to
_twe]fth grade students or college freshmen
in the United States.

) Five classes were selected. Students
in tcach of the five classes were randomly
assigned to three groups. For each class,
five students were assigned to group one
where each student used one computer, Six
students to group two where every two
students shared one computer, and‘seven
students to group three where no computer
was provided. A total of eighteen subjects
were selected from each class.

Research design

) A pretest-postiest control  group
design was used in this study. In order to
eliminate possible contamination in the
experiment, students were not informed of
the experimental plan until the end of the
data gathering process. All students in the
five selected classes were given a pretest
to determine whether they already
possessed the information to be learned in
the study. Those students who got scores
in the pretest were taken out from the
sampling process of subjects.

Simulation package

A Chinese simulation package was
developed by the Muliitech Company in
Taiwan. The package was built 0
accommodate personal computers. The
major functions of this package included:
cataloguing, editing, simulatng a CNC
lathe program, simulating a CNC mill
program, and sending programs (o a lape
puncher or a CNC machine tool through an

RS 232C interface.

Instrumentation
Student achievement was measured
by two postiest evaluations. The first

Journal of Technical ard Vocational and Education

posttest included fifteen multiple choice
items regarding codes and commands used
sh and

in CNC programming. Both Engli

Chinese versions Wwere presented in the
evaluation. The first postiest was conducted
at the end of the second week. The second

was constructed of thity

posttest .
questions  irom

mistake/comrection  type
three CNC programs. Students were asked
to pick out mistake commands in the
programs and correct them. The second
posttest was conducted at the end of the
third week. The instrument was evaluated,
and revised. The Kuder-Richardson 20
reliability was 0.86.

Process of the teaching experiment

The experimental process was
completed in three weeks. Each week
provided six contacl hours of instructon.
There were a total of eighteen hours of
instruction. The major activities of this
study were:
* A pretest
* Classsroom lectures
* _Demonstrations of 2 CNC machine
tice of CNC programming by the

tool

Data Analysis and Findings

Based upon pretest scores, the
subjects in this study were considered
C machine

equally knowledgeable of CN
programming prior to the study.

A multiple convariance analysis,
using General Linear Model Procedurss,
was usad to control error and increase the
precision of the analysis. Students’ previous
experiences in mathematics, mechamcal
drafting, and computer concepts were used

3
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ypotheses that the
r lanc
Eroup  variances of three different

groups in mathematies, mechanical

drafti
‘ afl lmg', ana computer concept scores
are slatistically equal

Testing the nu hypotheses that the
truc group means for mathcmatics
mechanical drafting, and computel:
concept scores are cqual.

. Testing the hypotheses that the within

: .
Eroups’  regression coefficients are
equal.

_ After these assumptions had been
conflfmed, the pooled regression
cocfficients of the control variable were
tested. Then the postiest scores of the three
groups were adjusted by the covariates, and

the adjusted means were  compared
statistically. '

The pooled regression coefficients of
mathematics, mechanical drafting, and
computer concepts were tested to see if

these variable were significantly different
from zecro.

After running the GLM procedure, it
was found that the mathematics and
mcchanical drafting scores did not have a
significant ecffcct on the posttest scores.
These two variables were then eliminated
from further analysis. The only variable
significant at the 0.05 level was the
previous scores of computer concepts class.

A covariance analysis, using the
computer concepts scores as a control
variable, was performed. The results are
presented in Table 1. The type III sum
square of the groups is 22.69 and the PR
value is 0.788. It can be concluded that
there is no significant difference in
achicvement among the three groups of
students which used computers with a
partner, used computers alone, or did not
use computers at all.

The group means of posttest scores
were adjusted for the computer concepts
scores. The adjusted means of the three
groups were then compared to each other
and are reported in Table 2. The results

Table 1.Type III sum squares of the covariance analysis using computer
concept scores as a covariate

Source DF Type III SS Mean Square F value PR > F
GRP 2 22.69 11.35 0.24 0.7880
Computer 1 430.32 430.32 9.06 0.0034

Table 2.The t-test of the least square means of group 1, group 2 and

group 3
PROB > il Ho: LSMEAN (1) = LSMEAN (j)
i/j 1 2 3
1 ' 0.8382 0.5107
2 0.8382 ; 0.6375
3 0.5107 0.6375
39 Issue 7 — *90
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Table 3.The analysis of variance perfcrmed on the means for students’

questioning rate
Dependent Variable: AVEQUES

Source DF Sum of Square Mean Square F PR > F
Model 2 5.188 2594 11.49 0.0016
Error 12 2.710 0.226

Jotal 14 7.898

Table 4. The Tukey studentized range test for variable AVEQUES.

Tukey’s student range test for variable of AVEQUES
ALPHA = 0.05 DF=12 MSE=0.225839
Critical value of studentized range = 3.773
Minimum significant difference = 0.80186

TUKEY GROUPING MEAN N GRP
A 2.9200 5 1
B 1.8000 5 2
B 1.5754 5 3

different.

Means with the same letter are not significantly

demonstrate that no significant difference in students verifying CNC programs by
achievement at the 0.05 level was found working at a microcomputer alone did not

between any two of the three groups. significantly differ in the number of
questions per subject from those verifying

The number of questions raised by .
students during the practice period of CNC programs through an instructor.
programming were recorded. A

comparative study was done to evaluate Conclusions

any differences in the number of questions
posed by edcl grodp- Conclusions of hypotheses 1 through 3
The results of the analysis of variance
(ANOVA) in Table 3 show significant The possible effect of previous
differences at the 0.05 level. The Tukey experience  In computer concepts,
method was used 10 examine the pairwise mathematics, and mechanical drafting
comparisons. Table 4 shows that the classes upon mastery of CNC programming
ing CNC programs by skills is studied. Only background in
crocomputer simulator ~ computer concepts  significantly ~affects
alone had significantly more questions than student  performance  in the CNC
those working at 2 microcomputer  programming  class, while background in

simulator in teams and those verifying mathematics and mechanical drafting does

CNC programs through an instructor. The —not.

students  verify
working at a mi
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Conclusions of hypotheses 4 through 7

Based upon the f
Tables 1, and 2, th
approaches
students atlempting ¢ obta
and skills of computer ny
rr.xac!li.nc Programming.  There ar
S;gmﬁ(_:ant differences i achicvc -
regarding  the CNC Programming c:::(::lrlu
among the students in (he three diff‘c;cni
treatment groups,

indings presented in

effective for

in knowledge
merical control

Conclusions of hypothesis 8

Bascd upon the findings presented in
Tables 3 and 4, the numbers of questions
raiscd per student in cach group arc
signiﬁcanlly different for the three different
teaching approaches, Group onc students,
those  who used program  simulation
packages individually, have significantly
more questions per student than those who
used program simulation packages with a
partner and those who did not use a

microcomputer program simulator at all.

Students who did not use a micro
computer program simulator were allowed
to discuss the CNC programs with their
classmates during the class session. The
students who used a program simulation
package with a partner were also allowed
to discuss the programs with their
teammate. However, the students in group
one, who used the microcomputer alone,
did not have a partner with whom to
discuss their findings. This is considered
the main reason for the differences in
student performance.

Discussion

Results reveal that course grade in a
computer concepts  class signifi?amly
affected students’ performance 1in a
subsequent CNC programming  class.
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However, computer anxicty may be a
confounding factor in these results.
Computer anxicty usually appears in the
form of a negative attitude toward
computer technology. The negative attitude
includes resistance to talking or even
thinking about computers (Chuang, 1988).
Many studies have been conducted in the
ficld of computer anxicty. A conclusion
was drawn by Cambre and Cook (1985)
that there were relationships  between
exposure to computer terminal use and
changes in basic physiological activity
regardless of prior computer exposure.
Morcover, a significant decrease was found
in anxicty as a function of utilization of the
computer terminal.

The computer concepts class had a
significant effect on students’ performance
in CNC programming classes. Perhaps
those students who had higher scores in the
computer concepts class and got higher
scores in CNC programming might have a
lower level of computer anxiety.

This study found that three different
approaches are equally effective for
students attempting to obtain knowledge
and skills of computer numerical control
machine programming. However, it was
noticed that during the experimental period
students in the groups using computers
were more motivated in learning CNC
programming skills. Students in the group
which did not use computers appeared
more passive in the leamning activity.

The results of this study also implied
that the lack of sufficient expensive CNC
machine tools should not reduce the
opportunity for students to leam CNC
programming and operations. Since
microcomputers are very popular in
technical institutes and colleges in Taiwan,
computer simulation on a microcomputer is
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a very feasible way of teaching CNC
programming,

Since  computer simulation is  as
cffective as the traditional method, if
computer simulation was used properly, the
instructor  could  spend  more  time
monitoring CNC machine tool operations as
opposed  to  assisting  students  in
programming. The results concerning the
number of questions raised per student in
the CNC programming class showed that a
group of two students, who shared a
computer had significantly fewer questions
per student than those students who used a
microcomputer alone. The results support
the conclusion that the teacher in a CNC
laboratory could spend less time on
students when they are working on a
computer in pairs. The tcacher then could
spend more time helping students who are
running programs on a CNC machine tool.

The results regarding the optimum
group size of teams 1s consistent with
previous suggestions by Larsen (1979) and
the previous findings of Trowbridge and
Durnin (1984).

Recommendations

Bascd upon the results of this study,
the following recommendations are made:

For CNC instructors

1. Incxpensive microcomputer
simulation  package is  equally
effective and does not have negative
cffect upon students’ learning of
CNC programming skills. On the
other hand, microcomputer simulation
package can help teachers to diagnose
and discover possible defects in CNC
programs bcforc they are run on a
CNC machine tool.

2. A group of two students can better
use a microcomputer simulation

Journal of Technical and Vocational and Education

students need  less

yackage:  these Jes
' instructor. This

assistance from an
arrangement  does  not have any
negative  effect  upon student
achicvement, but gives students 2
chance to discuss findings with their
classmates. It is obvious that peer
discussions arc very helpful in the
study of CNC programming skills.
Background in computer concepls
does provide a slight advantage when
leaming CNC programming skills. It
is thus suggested that computer
concepts should be taught in advance
of the CNC programming class.

For further research

1.

9

Replication of this rescarch at ol_hcr
institutions to mecasurc the possible
effects of computer simulation in
teaching CNC programming skills is
reccommended.

Other  simulation  packages — arc
recommended  for  further  similar
rescarch, 10 detect possible
differences in  students’  learning
outcomes in  different  simulation
packages.

Further studies using  additional
variables, such as computer anxiety,
interest, and aptitude, are also
reccommended.

A study should also be conducted to
determine whether more exposure to
a computer simulator-aided CNC
programming class will make any
significant  difference  in  student
achicvement among cxperimental and
control groups. Perhaps doubling the
time to 36 hours of instruction could

be tested for its potential affects on
achicvement.
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Deference to Sex: Perceptual Differences between Male

Technician Teachers

TERRY LANE

and Female

ABSTRACT

Sex bias is often suggested as on
women (either teachers or students) in Tec
of women's participation were examined in a Stid)

e reason for the low participation of
chnician Education. Some clements
dv conducted by members of

the Colombo Plan Staff College in 1989, among them aspects of sex bias in

the curriculum. In this study data from the original
more closely, specifically to determine the nature of
and female technician teachers. The analysis indicate

perception between male and female teachers can be ;
. » ’ 'y ~
on the one hand, and sex ‘deference

differences berween sex ‘bias’.

other. The writer suggests that low
education has more to do with female

Introduction

Last year members of the Colombo
Plan Staff College completed a study
concerned with the stats, role and
opportunitiecs of women in national
development, particularly in the context of
developing countries in the Asia-Pacific
region. The study sought to identify
relationships between teacher and student
attitudes in the context of technical and
vocational education (TVE).

In that study, involving as it did data
from nine countries of the region, it was
found that the perceptions and attitudes of
teachers in technician education differed
between certain country groups. The
researchers concluded:

The findings leave no doubt that
membership of a country is a significant
correlate of teacher and student attitudes...
Despite the similarities of teachers, and the

Journal of Technical and Vocational Education

research is cxamined
sex ‘bias’ among male
s that differences in
attributable to  the
on the

participation of women in technical
‘deference’ than with male ‘bias’.

general similaritics of  the tcaching
environments, these characteristics arc of
less si%nificancc across country
boundaries

The researchers continued:

However, that is not to say that the
environment of technical and vocational
education is not important. In fact, the
contrary is implied. Thus, within cach
country, the environment takes on its
important role in shaping attitudes.

The qualification is only that such
environments are defined by the
characteristics of the country: not by the
characteristics of groups of countries.

As a significant variable, though,
“country” was not closely defined in that
study. Indeed, the variable was included in
the research design merely to code
membership groups and the researchers had
not sought closer definition of “country”.
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Yet it was clear that th
further explanation
were noted:

€re was a need for
and some indicators

.(i.tt{c::cause of the way
efined so i

e hOWmCGOSIt:l --[lhe]-.vgr{ablcs we can
T try of origin plays such
. 8¢ part. Religion, for example
_0110\.v§ a regional pattern and coun e
identified by its religion. Allilud:;y :cs)
work,. o women, to careers and (o
Lcac_hmg...arc also part of a country’s
social and moral fabric. That fabric does
not st-retch beyond the bounds of the
counmes_participaling in this study, as
was. anticipated. Nor should it be
Feqmrcd to. But this means that policy
in technical and vocational education
cannot be successfully implemented
across national boundaries unless some
account is made of these differences.’

I which we have

The Present Study

The present study is an extension of
that original research and my purpose is to
provide an explanation for the relationships
found between Country, Religion and Sex
and the perception of male and female
tcachers in Technician Education. More
specifically, data from the original study
are used to illustrate a particular theoretical
perspective and a particular methodology
which, together, contribute to and shape our
understanding  of the nature and the
structure of teacher perceptions.

The underlying theme of the original
study was that of sex bias in technical and
vocational education, and of the outcomes
some were directed to strategies which
might be employed to minimise sex bias in
the curriculum, and in the TVE
environment. That theme is taken up here
as well, though my emphasis is to add to
our understanding of the nature of ‘sex

45

bias rzlnher than to propdse strategies to
reduce it. The motive to do this comes from
the necessity to unravel the correlations

between country, religion and sex of TVE
teachers.

Theory and Measurement

An additional motive for this study is
found in the ways we seek to understand
and to measure ‘perceptions’. Our initial
tendency is to attribute individual
perceptions to objects, events or conditions
identified in the environment. Further, we
make the reasonable assumption that
perceptions of or about something in that
environment  inform us  about that
‘something’. Yet this need not be so, and
I will suggest that our perceptions inform
us about ourselves by revealing the ways
in which we tend to perceive the outside
world.

But to reveal perceptions in this way
requires that we measure them in particular
ways. In the original study this was done.
Indeed in that study perceptions of
technician teachers were obtained in a
varicty of ways. For the present purposes,
the examination of teacher perceptions
relies on one specific approach to
measurement and on the associated
interpretation of data.

This study constitutes an exploration
and an illustration of theory and
measurement of individual perceptions. It is
both an extension of and a clarification of
the original research, and it has as its focus
the understanding of sex bias among male
and female teachers in technical and
vocational education.

Nature of Perceptions

. . 5
The role og women in education” and
in organisations’ arises as a social issue
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whenever opportunities for a nation  arc
perceived to be more favourable through an
increase  in workforce numbers’.  Yel
national policies which might increase the
number of women in the workforce and
which might, thereby, increase
opportunitics for nations to develop are not
rcadily achicved.

The rcasons for resistance to change
which alters both the place and the status
of women in a socicty are well known:
social, cultural and political factors are both
legion and pervasive. Yet the specific
impact of such factors is less well known,
and the translation of moral, cthical and
religious mores into everyday action 1s not
casily traced. These poor linkages give
motive to cfforts 1o assess and o act on
behalf of women, to redress the balance
between social and occupational roles of
males and females and to delincate policy
options to ensurc desired changes.

The desire o change women's roles
is not local: both Western and Eastern
countrics share the view. The focus of
change is morc specific, however, for no
matter at what level discussion of the issuc
takes placcs'g the purpose of policy is to
provide women access o education and
frec access o the world of work.

Much of that work, particularly in
developing nations, is of a technical naturc
where the manpower requirement  is for
technicians - for those who can provide for
industrial growth and development. But for
women, in  the industrial  sector,
opportunitics arc¢ not as readily available as
they are for males ) and for girls, in the
technical education sector, the opportunitics
for learning and the  educational
environment ar¢ not always conducive to
their acceptance”
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The Role of Sex Bias

for women and
cducation,

Affirmative action
girls, not only in technician
results from the perceived bias toward the
female sex by males. That bias, as has been
shown, gives risc 1O legal, social and
individual incqualitics which womcn n(%cd
confront>. Patriarchy, even if its institution

and history has not been deliberately
contrived to repress the female of the

species, produces just that result.

If it is alleged that men arc biased
against womens’ participation in work it is
on the presumption that men regard females
as less capable or less suitable than men.
For certain occupations this “bias” may
in fact, a non-biased asscssmerit

rcprcxcnl, :
of capability. There 1S no question, _for
example, that an occupation involving

heavy labour may be morc effectively u.lkcn
up by males. But there is no queston cither
that, for many occupations-cven lh.ose
which call for much physical exertion-
women arc as capable as mcn.

Male & Femal Bias

Bias is the perception of difference
where, using some objective criteria, none
is found to cxist. Yet bias is ascxual:
women along with men can take on and
hold views which are biased towards
women’s participation in work. In this, I
think, there is no controversy.

Controversy may obtain, however, as
to whether males display more bias toward
women than women display toward their
own scx. In other words,as has been
suggested clscwhcrcm,-somc of the barriers
which women necd overcome in secking

cquality may be those which they have
themselves crected.
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Sex Bias and Sex Dieference

S*;.t bias can be cxpressed as a
pereepuon of the opposite sex as being
dfflcrcnl from one's own, where lhc
dlffFrcncc i unable 1o be substantiated. In
an ldf(ﬂ‘ world, on the issue of suitability
10 cenain occupations, sex bias ought not

be found in the perceptions of cither males
or females,

In a gencral sense of the word “bias™
can be both positive and negative, as one
f‘ﬂ}' be biased either “in favour of” or

AgANS”. Yet in the phrase “sex bias” the
word .bi:m is taken 1o imply that the
Opposite sex is perceived negatively: that
1S, 10 possess less - rather than more - of
& Parycular quality or characteristic.
Accordingly, and so as not to confuse, the
word “bi_a.s” will be used with the negative
connotation. To indicate the opposite, 10
Indicate  a perception which is more
favourable to the opposite sex, the term
“deference” is used.

Object of the Present Study

In the original <tudy of teacher
attitudes it was argued that the environment
for female technician education students
would be influenced by the perceptions of
the male and female teachers in the
institutes. Specifically, the environment
would be a more difficult place for female
students, should there be a bias against
them (and thus in favour of male students)
evidenced in the perceptions of either (or
both) male and female teachers. Though the
findings were reported, it was not
investigated whether the found differences
were due to sex bias or to sex deference,
nor on the specific nature of the difference
in perceptions. To do these things is the
object of the present study.
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PERCTEPTUAL DINTTRUNCER

Methodology

Data from the onginal study were
used for the present  purpose.  Data
comprised 245 male and female technician
tcachers from nine countries, with  daty
categories as  shows  below.  Not all
categories are uscd in the present study,
however, as is explained shortly.

* Country of Origin: Bangladesh, India
('\\'cstchngal), Sri Lanka, l\fl:lluys'fu.
Philippines, Thailand, Indonesia,
Singapore, Fiji.

*  Religious Affiliation: Buddhist, Chris-
tian, Hindu, Muslim, Other.

Sex

Scores on two scales: Characteristics of
Male Students (Boys), Characteristics of
Female Students (Girls)

Data Collection

Data were collected between  April
and June, 1989, following  formal
approaches through the Liaison Officers of
the Colombo Plan Staff College in cach
country. These were obtained from male
and female tecachers in  technical and
vocational institutions in capital citics. In
scem cases the researcher administered the
survey instrument whilst in the country. In

other countries the instrument  was
administered by a local official.
. Study Variables

Categories Country of Origin,
Religious Affiliation and Sex were
variables recorded as part of the

respondents’ biographical record. Each was
scored, for the purpose of analysis, in the
same way.

Membership in a particular group is
recorded as “1’, non-membership is recorded
as ‘O’. Accordingly, for each scparate
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category (cach country, ecach religious
group and each sex) there are recorded two

groups: those that belong to the category,
and those that do not.

Scales Two scales were employed,
one 1o record responses to the
Characteristics of Female Students (Girls)
and one to record the Characteristics of
Male Swdents (Boys). (Sce Appendix A)
The scales were based on procedures
related to the Semantic Differential’® and
usc_:d a seven point scale for nine bi-polar
adjectival pairs. Teachers were asked to
rate ‘Male Students (Boys) in my Institute’
and, separately, ‘Female Students (Girls) in
my Institute’.

Pleasant - Unpleasant
Intelligent - Stupid
Bad - Good
Passive - Active
Strong —~ Weak

Fast - Slow
Tense — Relaxed
Honest - Dishonest
Ugly - Beautiful

The scale for Male Students (Boys)
was presented with the words in the order
and placement (left or right) as above. The
scale for Girls reflected a different order
and placement. During scoring, however,
the two scales were matched: responses
were ordered according to the sequence in
the Boys scale and reversed, where
necessary, so that a score of ‘7” represented
the positive word of the word-pair.

In the present study, so as not to
confuse Male and Female teachers with
Male and Female students, the teachers are
referred to as “Male” and “Female” whilst

i':..fournal of Technical and Vocational Education

the students arc referred o as “boys” and
“girls”.

Procedural Steps

Screening Teachers werc catcgorised
according to membership of CounII-Y. _Of
Origin, Religious group and Sex. The initial
step in the analysis was to screen out those
categorics not significantly related to the
criterion. The procedure for screening was
to calculate on overall difference scorc for
tcachers. Items on cach of the Boys and
Girls scales were summed to give a scale
score, and then score for Boys was
subtracted from the score for Girls.

For the respondent group of 245 the

resultant Difference Score had i .Mean
value of 0.08 and a Standard Deviation of

6.3. The Minimum Sscorc Wwas -15; the
Maximum +25.

The Country, Religion and Sex
variables were correlated  with the
Difference Score to effect initial screening.
Correlation coefficients, levels of

significance and respondent numbers are
shown in next page.

Finally, those countrics in which the
numbers of Male and Female teachers
(Bangladesh, Indonesia & Thailand) were
disproportionately represented were
excluded.

The screening procedures resulted in
the following groups being included for the
study comparisons: Malaysia & Philippines;
Christian and Muslim, and Sex. Respondent
numbers vary for each group.

Results

Results are presented for the Total
Sample, for Males and Females separately,
for Countries and for Religions. Thereafter
are presented comparisons of Male and
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Female Teacher
Iesponse ,
country and religious g s for each of the

the differences
Teachers.

Totral Sample

Graphs for the Total 2 3
profiles .for base comparisonsfnﬁfguglnl‘:gi
are not mtended to represent normscof a;u.
kind in this study, we start with them Th:‘:
first set of graphs will be used to explain

¢ form of the graphic presentation as well
as the nature of the scores for each group
of respondents. i

All Teachers Figure 1 shows the
£

from Technical and Vocational Institutions

e

The graph shows

for Boys, for each of the nine
characteristics. As was explained, the
Difference Score is obtained by subtracting
Country Male Female

Bangladesh 20 B

Fiji

India (WB)

Indonesia 9 4

Malaysia 35 42

Philippines 15 17

Singapore

Sri Lanka

Thailand 1 17
Religion

Muslim 49 39

Christian 22 33
Sex 134 111

49

the mean rating for Boys from the mecan
rating for Guls. This score is then
expressed as a proportion of the lower
mean score.

The twotal sample graph represents,
within the limitations of the sample, an
approximation of a ‘normal’ profile. Thus
it can be seen that, in general, Guls
(Female Students) are rated higher than
Boys (Male Swdents) on the charactenistcs:

Beautiful (Ugly)
Honest (Dishonest)
Good (Bad), &
Pleasant (Unpleasant)

Alternatively, Boys are rated higher
than Girls on:

Relaxed (Tense)

Fast (Slow)

Strong (Weak)

Active (Passive), & marginally
more on

Intelligent (Stupid)

These ratings agree, intuitively, with
our broad assessment of the charactenistics

r sign. level.

13 < .05
.06
04
-.14 < 15
=21 < 05
i [+ < .05
-.05
-.02
A1 < 05
-12 < .05
J < 05
.03 < 05
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Figure1l Sex Bias/Deference
Total of Male & F emaleTeachers
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of sex: of males and females. Note, as well,
the consistency between characteristics
which are descriptive of appearance
(Beautiful) and intrinsic (Good, Honest) or
social (Pleasant) qualities and those which
are descriptive of action (Fast, Strong,
Active). In general, all respondents will
group characteristics in these ways.

Finally, the two characteristics of
Active(Passive)and Intelligent(Stupid) will
change from group to group and represent
a special interest. It is of some note that,
in the Total Sample, there is very little
difference perceived between Boys and
Girls on the characteristic Intelligent
(Stupid). Again, our intnitive judgement is
that this perception is correct. But,
depending on country, religion and sex, that
perception changes.

Journal of Technical and Vocational Education

Male & Female Teachers Figure 2
shows the graphs for all Male Teachers and
all Female Teachers.

Sex Bias and Sex Deference are
represented on these graphs since the
grouping is by sex. Accordingly, for Male
Teachers Sex Bias is shown on the left
hand side (Boys rated higher on..) and Sex
Deference is shown on the right hand side
(Girls rated higher on..). For Female
Teachers Sex Bias is shown on the right
and Sex Deference is shown on the left.

The graphs are comparable in two
respects. First, they illustrate how Males
and Females perceive their own and their
opposite sex, and this comparison reveals
the differences in perceptions. Second, they
illustrate the strength of the Bias or
Deference: the extent to which either Male
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t 1IQure 2 Sex Bias/I deference: Total Teachers

(2] Males

[ ] Females
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or Female Teachers show bias or deference.
These two aspects are revealed for each of
the paired comparisons presented, as may
be scen from Figure 2

-

On ihis graph both Male and Female

Teachers rate Girls higher on the
descriptive  characteristics:  Girls  are
Beautiful, Honest, Good and Pleasant.

Females display Bias on the characteristic
Beautiful, whilst Males display Deference
on the characteristic Honest. Further, both
Males and Females rate Boys higher on the
characteristics Relaxed, Fast, Strong and
Active but, as can be seen, Female
Deference is much stronger on these
characteristics than Male Bias.

Importantly, Females defer to the
opposite sex on the characteristics Relaxed
and Intelligent. Though Males Defer on
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Intelligent as well, they are less gencrous
when it comes to Relaxed.

The feature of this comparison is the
strength with which Females defer to the
opposite sex on those characteristics which
seem, on the surface, to be important in the
world of work: Intelligence, Acltivity,
Strength, and being Fast and Relaxed. It
would be wrong to draw too many
conclusions from this comparison alone,
however, and I tumn to the others.

The Countries: Malaysia & Philippines

Malaysia and the  Philippines
represent the greatest contrast between the
nine countriecs in the original study, but
their differences are confounded by
religion. If this is kept in mind, though, this
comparison is uscful.
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Figure 3 Sex Bias/Deference: By Co
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Figure 3 illustrates the country
profiles for Malaysia and the Philippines.
Comparison of the two profiles is both
interesting and informative.

Most striking is the contrast between
the strengths of the ratings for Boys
(Malaysia) and  Girls - (Philippines).
Although in both countries Girls are seen
as Beautiful, Honest and Pleasant, in the
Philippines the strength of this perception
is marked. Further, and in the Philippines,
Girls are rated higher than Boys on
Intelligent and Relaxed, in contrast to
Malaysia, and higher on Pleasant than in

Malaysia.

The ratings for Boys are equally
contrasted. In Malaysia Boys are rated
higher than Girls on Relaxed, Fast, Strong
and Active, and about equally so. In the
Philippines the perception of Boys is biased
but more aligned with the physical
capabilities of the sexes: Boys are regarded

Journal of Technical and Vocational Education

as Stwrong and Fast and slightly more

Active.

The Religions: Christian & Muslim

Figure 4 shows the graphs for
respondents grouped according to Christian
and Muslim religious affiliation. The
contrasts are present, though not as marked
as the country comparisons above.

Christian Teachers rate Girls higher
on Beautiful, Honest, ‘Good, Intelligent and
Pleasant. Muslim Teachers, as well, rate
Girls  higher than Boys on these
characteristics, with the exception of
Intelligent, though not to the same extent.
In other words the strength of Bias and
Deference is weaker,

The marked differences relate 1o
Rélaxed, Active and Intelligent.
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Figure 4 7
8ure4d  Sex Bias/Deference: By Religion
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Sex: By Country & by Religion

Results are presented, now, for cach
country and religious group separated into
Male and Female. For these comparisons
the role of Sex Bias and Sex Deference will
be clear from the paired graphs. In each
case, without regard to the sex of the
Teacher, graphs arc drawn for the
difference between the rating of Girls and
the rating of Boys.

Malaysia Figure 5 shows the graphs
for Malaysian Malc and Malaysian Female
Teachers.

Both Male and Female Teachers
display Bias and Deference which. is
generally consistent with the Totfll Sample.
However there are marked deviations. Most
noticeable is the strength  of Female
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Deference, and particularly on Relaxed,
Active and Intelligent. It is of> some note,
as well, that Female defer to the opposite
sex on the characteristic Pleasant.

Philippines Figure 6 shows the
graphs for Philippine Male and Female

Teachers.

Comparison of the graphs s
favourable for Girls, regardless of the sex
of the Teacher. However Females Defer to
Boys on Fast and Strong much more so
than do Male Teacher exhibit a Bias on
these characteristics. Both Male and
Females, interestingly, rate Girls higher
than Boys on Intelligent, but Males much
more so than Females.

Christian Figure 7 shows the graphs
for Christian Male and Female Teachers.
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Figure 5 Sex Bias/Deference: Malay
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Figure 6 Sex Bias/Deference: Philippines
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Figure 7 Sex Bias/Deference: Christians
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The contrasts are clear from the

graphs. Females Defer on Strong and Fast
much more than do Males show Bias on
these characteristics. Importantly, Females
Defer to the opposite sex on Intelligent. In
fact, the difference between the strength of
Male Deference and Female Deference on
Intelligent is quite marked.

Muslim Figurc 8 shows the graphs
for Muslim Male and Female Teachers.

Again, the contrasts arc clcar from
the graphs. In short, females Defer to the
opposite  sex on both the active
characteristics and on Pleasant and
Intelligent. The strength of the differences
i1s most marked for Relaxed, Active and
Pleasant.

Discussion

The graphs presented in  the
preceeding section do reveal differences
between the groups of respondents based
on Country, Religion and Sex. However
these differences, of themselves, do not
suggest  specific  actions  which  may
alleviate any Sex Bias. Nor, indeed, do
they provide indication of any cxternal
sourcc of Bias. What, then, can be said of
the information presented?

Perceptions of Self

. Attitudes and perceptions form that
class of phenomena which Kelly calls
personal constructs’® , and it is that
framework which guides the present study.
Personal constructs are the mental
structures which individuals employ in
order to make sense of the world. They are,
in this sense, personalized theories about
the world: about things, events and people.
The consequence of this view is this: if we
ask individuals to give their perceptions of

others we are asking them to indicate how
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about thosc others. Imporu_muy,
' about anything s linkeg
wc think about ourselves,
think about others  we
the other: we¢ revea]

they fhiﬂk :
. we think

project oursclves as

our biascs.

If this vicw is applicd, now, to the

:yns of Technical and Vocational
Sy Teachers  which have been
Education Cohs may ke on g
prcscntcd, lhc' g ‘fI’ S ficular: vibal s
diffcrent meaning. 10 p » Wi

- eable throughout all the comparisons,
Tl‘o UL'Cd}?cmalc Teachers display greater Sex
;;clflg:-t:ncc than do Male Teachers. Equally
of note, though, 18 that in somc cases Male
Teachers rate Girls higher than do Female
Teachers: that is, Males Defer to t.hc
opposite scx more Lhar} Ecmalcs show Bias
on the same characteristic.

Although for some characteristics,
including Beautiful & Plcasant, there
appears no occupational rclevapcc for
others, such as Intelligent, Active and
Relaxed, there is. For the latter
characteristics, and in some of the
comparisons, the difference between Male
and Female responses is marked.

From the information presented it can
be concluded that, in general, the difference
between Male and Female Teachers in
Technician and Vocational Education is
that Females are more likely to display Sex
Deference on the characteristics of the
given scales. ‘It is not the Males who are
biased: it is the Females who defer.

Meaning & Measurement
»

_In the original study the Semantic
Differential scales were,used as an adjunct
to other measures of teacher perceptions.
Thus, though'data used here was from that
study, the scales for Male Students (Boys)

.and Female Students (Girls) were not
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designed for an exhaustive analysis of the
personal  constructs of teachers. Yet the
mcthod of mcasurement has the distinet
advan.tagc that it invites examination of the
meaning of responses o the responder -
rather than to the object of the response.

_ There are limitations, however. One
1s the usec of English words, and their
connotations, in contexts where English is
mvariably not the native tongue, Another is

the chpicc of terms 10 denote
char.aclcnslics. Despite  these  possible
cauUpns the  responses  do reveal  a
consistency  which is both internal, in

respect of the characteristics (Beautiful -
Ugly, etc), and external, in respect of our

appreciation of the differences between the
scXxces.

The  Semantic  Differential — differs
from other forms of auitude measures in
one other important way: it permits  a
variety of analyscs to suit a multitude of
purposes. Exploration of Sex Bias and Sex

Deference, for example, can proceed
beyond the analysis presented  here.
Comparisons are possible between  all

combinations of variables and groups. Such
exploration needs to be guided in some way
but, that aside, few other measurcs enable
the researcher to derive as much insight
into the meaning of what respondents are
saying.

The Semantic Differential was uscd
in this extension study to dctermine this

flexibility and its applicability to the
question of sex bias in Technical and
Vocational  Education, Its usc  was
exploratory, but also illustrative.

Conclusion

The purpose of this study was 10
provide an extension to prior research inl(.)
the role of sex bias in TVE. The specilic
intent was to add mcaning to the
relationship  between  the  respondents’
country of origin, religious affiliation and
SCX.

Data from the original study were
used to show respondent profiles on two
scales based on the Semantic Differential,
Profilcs, in the form of graphs, were uscd
to cnable comparisons between  country,
religion and sex groups.

Though cxploratory in purposc and
limited in ways noted, the study reveals
that onc impediment to the full and equal
participation of females in technical and
vocational cducation may be that women
do not think of themselves as equal partners
in that enterprise.

It would be instructive 1o determine

whether  this  conclusion can be
corroborated, and I have suggested a

particular way of theorising about teacher
perceptions  and  a  specific means  of
measurcment which may be useful for such
a purposc.
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Establishing a Ne
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S. FUIINAWA

w -
; Spec.lahzcd Course in Electro-Mechanics in
chools in Japan.*

ABSTRACT

moderni

The paper r
izing fh y cgﬁ :)”S the eﬂbn:s of Japanese Technical High Schools in
ents of technical education with emphasis on electronic

progress. LTy

ana’gTe Chniig;‘;;:;‘;‘;‘ew" is compelled to cope with the progress of Science

high school curFiculio ’:jndency to improve the educational contents in the

plan for establish 5 appea_red all over japan. This paper presenls a
ment of a course in Electro-Mechanics to improve the school

curricula.

Introduction

Scientific technology has enormously
progressed and advances in the field of
electronics have brought dramatic changes
in all industrial societies. This is
particularly obvious in developments in the
field of mechatronics where conventional
mechanical techniques are combined with
advanced electronic techniques. Rapid
changes have been taking place in the
processing machine industry as well. The
introduction of automated machine tools,
industrial robots, computer aided design
(CAD) and other new developments have
taken place in small and large companies

alike.

In order to meet the needs of such a
rapidly changing industrial field, it is
necessary for technical high sch'ools to
place greater emphasis on education that
provides the knowledge and skills 1o work

The author acknowle
Ikemoto, President of Tokyo
“and criticizing -the rough
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in industrial and mechanical ficlds. Our
technical high schools have planned and
carried out various kinds of improvemcents
relating to electronic practices such as

production of circuit and computer
operations.
But it is impossible for our

conventional facilities and laboratories to
introduce a large number of clectronics
fields in the school curriculum. Morcover,
we need teachers who have good skills and

knowledge in both electronics and
mechanics.

In this paper, I suggest the
establishment of a new course in

Electro-Mechanics that combines traditional
mechanical techniques with electronics
skills. This will increase the level and
efficiency of education not only in the
mechanical -field but in the related ficlds.

vided by his academic adviser Dr.
aring this paper and also for reading
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I hope that this new course will
contribute  not only to educational
Improvements in Japanese technical high
schools but also 10 advances in similar
Institutions all over the world.

Establishing a Model
Electro-Mechanics Course

Ifl order to properly establish
educational principles and courses in this
ﬁcl_d, it is imporant (o first consider that,
a8 1L 18 a new educational area, it requires
a completely new system and a course.
Further, the educational techniques needed
lo coordinate instruction in this field have
to be adequately organized. It is necessary
10 reexamine related high school courses
currently taught in order to add new areas
to the curriculum and remove areas that are
no longer applicable or necessary. Special
care must be taken to ensure that important
areas are stressed, unimportant areas do not
receive undue attention and nothing of
importance is left out.

The correct combination of practical
and _specialized  courses must  be
determined.

Areas for Improvement

The following is an outline of the
areas that must be given greater attention
and those that should be withdrawn, when
planning courses in- Electro-Mechanics to
meet the aims and requirements of
providing a high standard of education in
this important field.

Practical Training

Among the many items that must be
introduced in new courses, we can point to
graphic programming with microcomputers,
machine control with microcomputers,
sensor and other electrical circuitry,

Journal of Technical and Vocational Education

wchniqucs, Se(_luence anq
ntrol, programming - genery
control, the us¢ and managemep,
chine tools, the use ang
f industrial robots and System

mcasllrcmcm
fecdback €O

management ©

simulation. .
graditional mechanical educatioy

half of the practical training
ntrated on developing mangy)
h areas as casting, forging,
ration of machine tog]g

In
courses, OVer
time is conce
skills in Suc

ing and op¢ .
"lflfcl:(;::ngcourses mfRl cither be otally
liminated  OF established as elective
zolurses. The importance of such courseg

i d with regard to

only be considere ) 5
?::; ma'{ the elemental techniques that they
ss are important when considered a4

stre .
individual components of a comprehensive
programme. While  studying  these
components  and gaining  experience,

students must be made to understand the
ways in which they are interrelated and the
roles they play in relation to the whole aim,

Drafting

Traditional courses have devoted 3
great deal of time to teaching the basic
features of manual drafting: foundation
lines, characters, planes, three dimensional
drawings and component charts. However,
as a result of the increased use of CAD,
graphic programming with microcomputers,
idea sketches and other computer assisted
techniques, the need for such manual skills
has been all but replaced. Greater emphasis
must be placed on teaching students how
lo use computers even for such tasks as
creating drawings of machine systems and
complicated apparatus.

Mechanical Design‘

In addition 1o introducing computer
techniques for use with the design of all
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mechanical clements,
stress the importance of ap
with a perspective that
response to different sipy
Lransinission systems, the
a simple mechanica] structure
sufficient.  Where the problem
manual_ res‘ponscs to electrical pro
pressurization,  air
electronic circuitry,

it

1S

situation they are faced with.

Table A. General Subjects

IS necessary 1o
proaching design
allows a flexible
ations. Even for
ability to design

concerns
blems, oil
pressure  or basic

_ Circt Students must be able
to design circuits that meet the needs of the

Basic Electricity

Until now two units in Gcnc?'al
Electronics  outside  the  electronics
department were required. In designing 2
curriculum for an Electro-Mechanical
course, the importance of similar courscs .to
provide  comprehensive  training 10
electronics cannot be over-emphasized.

Electronic Technology 1

In order to teach the principles of
apparatus used in mechatronics and to
give students the ability to use these

Subjech srea Subject 1st 2nd 3rd Total

Japanese Japanese 1 n

Japanese 2 3 2 9
Social Study Contemporary 3 1

Social Study

Morals 2

World History 2

Politics & 2 10

Economy
Mathematics Mathematics 1 4

Mathematics 2 3 2 9
Science Science 1 4

Physics 3 7
Health & Physical Physical Edu. 2 2 3 7
Education

Health Edu. 1 1 2
Art Fine Arts 1 2 ]
Foreign Language English 1 3 2 2 7
Selective Subjects 4 4
Total 23 17 17y 57

Note:

Figures show number of units in a year.Students on 3rd grade can choose 4
units among elective subjects such as Contemporary Literature, Classical

Literature, Japanese History, Chemistry, English 2 and various professional

subjects.
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instruction on -y,

! (pl hasic ; :
machines, i ix necessiry 1o establish such """'“‘".‘ 10 -urrmmnin}'. wechoiques, it g
A counse in the electronics department iy o Processite 1"1 }‘u-ln computer graphics ang
ontin i : i weesnnry (0 (eact e :
continmation ol the skills learmt in Dasic necessary o lCCI"li‘I“(“’H' e programming
Ml clevators, robots ang

".'“‘.Iti"”y .
‘ skills for controlling

In Particular, mttention must be given Y
l)pxu_'.n and o mastering design techniques. (e of an 1
A‘ lf’llll(l.‘ltll"l in sensors  and applicd Examp
circuitry is also required,

axisting Course
of a course designed for
(caching [lectro-Mcchanics in | F'okyq
. ¢AC ) L Technica Hio
Information Technology 1 Metropolitan K.ug:lr!lclallcq " |I]r()[‘|g|1 . LI‘::
R ; o piven in Tablc A
\ S . . . SCh()()l 1S }",IVLII ' - 5 :
Computers  are responsible  for all % iha (ocal needs, A great deill of
v ' . anhi : ¢ 0 ir - '
automated  machine  (ools,  automatic ity s placed on mechanical and
apparatus and  amtomatic production Hl[. asis o s 18 douese: 1Ly
Sysiems. clectronic } s
necessary o adjust - thig
the region where it g

An cxample

therefore  be
organization 10

It is essential 1o each computer skills
implemented.

inany - Electro-Mechanics  course.  In

Table B, Extra-curricular Activitics o

At | Activiy Ist 2nd 3rd | Total |
Extra-curricular | Home Room 1 1 . 3
__Activitics Club-Activitics 1 1 1 3
Table C. Professional Subjects for 4 Specialized Departments

~ Specialized Department | Mcchatronics | Mechanics | Electronics Elcctricity
School Ycar 1st 2nd 3rd| 1st 2nd 3rd| 1st 2nd 3rd| 1st 2nd 3rd
Foundation of Industry 4 4 3 3
Practice 5 6 5 6 4 5 4 5
Drawing 2 2 21 3 3 2 2 2 2 2
Industrial Mathematics 1 2 2 2 2 2
Mcchanical Work 2 2 2
Mecchanical Design 3 3 2
Prime Movers 3
Basic Elcctricity 2 2 4 4 4 7
Elcctronic Technology 1 2 3 4
Elcctronic Technology 2 2 2 4
Elcctric Technology 1 7
Electric Technology 2 —
Information Technology 1 2
Total Units 2 15 15| 9 15 15| 9 15 i3 9 15 15

Note:  Figures show number of units in a year. Mcchatronics: Electro-Mechanics

Journal of Technical and Vocational Education o



ESTABLISHING A NEW SPL COURSE IN ELECTRO-MECHANICS

Table D. Elective Practices for Mechanics and Electro-Mechanics Departments

Practice Name

Practice Contents

Apparatus ( ):Number

Personal Computer
Application

1. Programming in BASIC
Language

2. Algorithm of Flow-Chart

3. PASCAL Language

4. Asscmbler Language

Personal Computer (20)

Printer (11)
X-Y Plotter (2)
Digitizer (2)

Electronic Workin g

Basic Electricity

Electronic Circuit Working

1. Production of Power
Sources ‘

2. Seclective Application
Work

Oscilloscope (15)
Power source (15)

Mecasuring Instrumcnts

1. Theory of Alternative
Current

2. Logical Circuit

3. Production of AC-Motors
&DC-Motors

Home Electrics

&

Breadboard (12)

Power Source-5v- (6)

3-Dimensional Drawing

1. 3-Dimensional Drawing
2. Computer Aided Design

Drawing Decvices (16)
Personal Computer (16)

Application of
Mechanical Working

Production of Qil Jack

Machining Center (1)
Milling, Special Jigs

Industrial Arts

1. Industrial Design
2. Wood Work 3. Pottery

Wood Lathe(5), Plane
Electric Furnace (1)

Welding

Welding Application Works
using Gas, Arc and
Inert-gas Welding

Welding Devices of
Gas, Arc & Inert-gast-

Prime Movers

Car Maintenance Work
-Air Conditioning Work

Oscilloscope
Maintenance Devices

Numerical Control &
Personal Computer

— D

Application of MC

2. Application of Welding
Robot

MC, Welding Robot

Personal Computer

Information Procéssing

1. FORTRAN
2. Assembler

Personal Computer (20)
Printer (10)

Application Work- -~

of Control Skills: . . °

Production of Automatic
- Conveyor driven by
Microcomputer

One Board Micro-computer
1/0 Board (14)

63
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Table E. Practice
Ist Grade (4 units)

—

S, FUJINAWA

~chi
Contents in Elcctm—MLL

Practice Contents

__ Practice Name Haure =
Mechanical Work 1 |140/3 1. Basic Operatio g

2. Production of Screws

3. Production of Hammer

i cster

Electronic 140/3 1. Asscmbling of Testc
Circuit 1

2. Electronic Measurement

3. Electronic Circuit

Logic-Checker -
£ ormefion 140/3 |Personal Computer Exercise
Processing

1. Fundamentals of BASIC
2.: Graphic & CAD

wnical Department

Main Apparatug

Lathe(14)

Drilling Machine(2)
Centering Machine(2)
Tool Scts(15)

Tester(15)
Power Source(15)
Interface(5)

Printer(7)
X-Y Plotter(3)

3. Application Works

Note:

2nd Grade (5 units)

One class consists of 40 students, divided into 3 groups. One group can

study 3 kinds of practices a year by rotation. One unit has 35 hours a year,

Main Apparatus

Practice Name Hours Practice Contents
Mechanical Work 2 |175/3 |1. Production of V Block |Milling ma_c_hinc(S)
2. Welding Shaper(2), Grinder
a.Gas Welder, Arc Welder [ Welding machine(20)
b.Welding Robot Welding Robot(1)
3. CNC Machine Control [CNC Milling Machine
Electronics 175/3 |1. Electric Circuit Oscilloscope(15)
Circuit 2
2. Semiconductor DC Power Source(15)
3. Semiconductor Circuit |Transmitter(15)
4. Logical Circuit Resistor(30)
5. Application Work Variable Condenser(7)
Computer Control 175/3 |1. Hardware of Computer Microcomputer Train-
ing Module (15)
2. Software of Computer -
3. 1/O Board Control One Board Computer(16)
4. Stepping Motqr |1/O Board(16)
5. Application Logic Analyzer

Journal of Tecknical and Vocational Education
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3rd Grade (¢4 units)

Practice Name

A NEW SPL COURSE IN ELECTRO-MUECHANICS

Main Apparatus

Machining Center(1)

Automatic Programming

AC-DC Powcer Source(15)

AC Motor, DC Motor (15)

Sequential Control
Training Board(15)

Stepping Motor Kits(3)

DC Servo Motor Kits(3)
Handling Robot(3)

Personal Computer(3)

Programmable Scquencer

Conveyor Robot(1)

Controlled by Computer

Hours Practi _
. aclice & N
NC Working m ctice Contents P
Machine Y4 1. Numerical Control
2. Programming of NC
System(6)
3. Automatic Programming
= | 4. Simulation of Working [X-Y plotter(2)
lectronic 140/4 A
1 .
Circuit 3 Sequential Control
a.Mechanical Control
b.Nonarcing Relay
2.AC Motor Control
Application Work | 140/4 |1. Motor Control Devices
by Computer
a.Stepping Motor
b.DC Servo Motor
2. Basis & Application of
Programmable sequencer
3. Control Devices
a.Robot Drilling Machine
b.Air Control Devices
Mechanical 140/4 |1. Metal Material Test Universal Testing
Experiment Machine(1)

a.Tension Test

b.Heat Treatment
c.Metal Structure
2.Industrial Measurement

a.Basis of Measurement

b.Surface Roughness

Metal Microscope(3)
Electric Furnace(1)
Hardness Tcster(4)

Surface Roughness
"Tester(1)
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Improvements in other Vocational
Education Areas

Agricultural Education

Agricultural processes for growing
vegetables and flowers have become more
and'n_lorc mechanized. One arca that is
receiving focus is agriculture in controlled
env:fopmcms that provide ideal lighting,
thT"'dll}' and temperature. Such controlled
eénvironments are monitored by automated
systems. It is necessary to teach students
the skills required to operate, maintain and
manage such automated environments. This
can best be accomplished by providing
mstruction in basic electronic techniques
that are at the core of the automatic
systems that control these agricultural
environments. One option is to take courses
in automation and basic electronics directly
from industrial ficlds.

It may also be appropriate to use such
courses as a reference Lo create counterparts
that are geared to agricultural training. In
the light of the increased use of electronic
techniques in food processing plants, it is
advisable to examine the above courses and
create similar courses to meet the particular
needs of a comprehensive food processing

plant.
Marine Production Education

One vital area in the field of marine
fisheries is radio communication. Although
instruction has been provided in special
fields that are related to electronics, this is
an area in which advances in electronic
technology are occurring at a rapid pace.
In order to keep pace with this, it is
rtant to provide as much education and

impo
in fields such as

training as possible
MINISTRY OF EDUCATION (1983).

Report of the Electronics Section of the

Committee on Industrial Education.

Journal of Technical and Vocational Education

computers and pasic and new electronic

techniques.

Plants that process marine products

have adapted a great deal of automated
technology in the arcas of freczing, storing,
processing and production. As the t'ut.urc is
sure to se¢c cven further advances in the

of technology that governs these
t to provide a firm

d related areas,

level
machines, it is importan

grounding in computers an
General Education

Among general eduction
classes in Physics involve practic
to electronics. In cascs
in physics arc required, it is
advisable to include electives in arcas such
as Basic Electricity, Information
Technology and Information Processing. It
may be preferable o us¢ such courses as
basis for developing similar courses that are
better designed for the specific Physics
programme.

Depending on the particular casc one
might also consider including a course such
as Fundamentals of industry. This kind of
course provides instruction covering the
areas of electronics mentioned above.

courses,
al training

related where

courses

Conclusion
I have suggested concrete examples

of organizing curricula in  Electro-
Mechanics in Technical High Schools to
cope with the technological changes taking
place. I believe that this paper is useful to
know the present status and trend
concerning industrial education in Japan. I
will be happy to receive from readers any
useful suggestions on the points discussed

in this paper.
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Subject-based Package Approach to Staff Development*

BARKI, B.G.

ABSTRACT

teach

mpetencies in

This paper describes an innovative approach to training technical

€rs using a Subject-based package approach. This approach aims at
developing a range of teaching co

teachers through a

pre-prepared subject-based package integrating content and methodology. The

paper reports the outcomes
of technician mathematics.

Introduction

Technical education in India has
witnessed phenomenal expansion during the
recent years in terms of number of
institutions, intake of students, number of
teachers etc. This is marched by provision
of additional resources and facilities in the
laboratories, workshops and  resource
centres to respond continuously  and
effectively to the demands placed on them.
Influenced continuously by the
technological and scientific  changes,
diversification of courses, modemizing of
curricula, opening of new institutions and
staff development to respond to the
changing situation have been taken up.
Thus this vital sector of education has been
able to make a significant contribution by
providing the right type of personnel to
organized and unorganized sectors , of
industries.

This sector of education is poised for
further growth and development as the
country prepares itself to move into the

of a try-owt of this approach for training teachers

21st century. The system is gearing itsclf
to meet this challenge by developing in the
students abilities and attitudes required for
building a dynamic, vibrant and cohesive
nation capable of providing its people with
the wherewithal for creating a better, fuller
and more purposcful life. The greatest
challenge in this complex and cxciting task
will have to be shouldered by the teachers,
notwithstanding  the  efforts  that  are
expected to go into improving all other
aspects of technician cduction system such
as curriculum development, instructional
material and media  development.  Staff
development, therefore, becomes a very
important aspect in improving this system.

Teacher Training

It is accepted that an cfficient teacher
is always in a better position to provide his
learners with an appropriate instructional
environment which helps them to develop
the talents, techniques and temperament
nceessary for adapting themselves to the

Paper presented at the Asian Regional Conference (AIAET) held at Trivandrum

(India) in November, 1989.
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demands of fast technological changes.
Traming of such teachers must reccive the
highest  prionity  in planning technician
cducation. Not only is it vital for the
technical  teacher 10 possess  relevant
personality  traits but  also  professional
skills, including high positive  attitude
towards the teaching profession. Some of
Lhc_ crucial questions relating to teacher
tramning often raised are:

— \Wfla‘l arc the mechanisms available for
traming technical teachers?

— What are the aims and objectives of
the training programmes?

— Do _lhe training contexts take into
consideration the natural  situations
existing in the teachers’ institutions?

— Are the trained tcachers capable of
adapting and transferming the
knowledge and skills acquired duning
training to their natural environment?

Current Practice

Currently there are no pre-service
training programmes to train technical
tcachers in India. In-service training
programmes of varying nature-long term
and short term-are offered by Technical
Teachers Training Institutes (TTTIs) to
provide for subject updating and also help
the teachers to acquire competencies for
effective classroom teaching. Short courses
in areas such as skill development,
evaluation of student  performance,
curriculum development, student personnel
administration etc. are organised with a
view to enable them to acquire abilities in
these areas. The long term programmes for
training polytechnic teachers are mostly
modelled on the lines of training
programmes for secondary school teachers.
Because of the non-mandatory nature of

Journal of Technical and Vocational Education

iken
, are not often L
Lorammes, they ¢
these progran

scriously. |
iodic feedback abtained from the

P oring traifis ‘ wincipals
teachers during training and .1f(cr,r: 1 “”‘mr
S = v " B =
instituuons administrators ane :
T e tele have revealed the

who form the c]icp
i ~{icicncIes:

following deficte . N
stencics acquired durm}g training

B Comr&v: . rarcly put into usc
fpmén ul;:zly in activities related 1o

ic

classroom teaching)

of compelency from the
to its use .in the

( the participants is

— Transfer !
training situation

natural sctting O
often marginal.
and media developed and

— Materials =
e are not being optimally

made available
utilized.
While the trainces generally displ.ay a
more favourable and positive attitude
in dcaling with students, the gain in
competencies  is  not  scen 1O 'bc
generally displayed in  cffective
classroom tcaching.

— The transfer and rctention of the
acquircd competencics for usc during
instruction is reported to be of short
duration. Retention for longer periods
of time is reported to be not very

satisfactory.
— The contribution of trained tcachers to
improve the efficiency and

effectiveness of instructional processes
has not been significant.

A careful study of the above situation
in Telation to cost-effectiveness of the
training programmes points out that the
returns from training programmes is not
commensurate with the investments made
on them, although finding out the same is
not very easy. Investment on training has

68
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alwavs e S1
im-e{;:n CIt}xenI c_on.s:dcrcd as along term
S LIt 1s essential that steps  are

i;:lgin tz a:_'cst this trend from the point of
1aking  the training  programmes
cost-effective. ) “

Limitations and Causes

. 1S Siuauon was carcfully studied
and the cau_scs for the same were analyzed.
The following causes have been identified:

. 2
Thu:e 1s a general shortage of teachers
leading to over-loading of existing
l_eachers, leaving them with vcry
Iimited _Umc to plan, develop and use
appropriate competencics.

* Laqk of adequate support scrvices and
basic facilities in the institutions act as
constraints for wider use  of
instructional resources.

*  Encouragement and guidance from the
educational managers and
administrators is inadequate

*  Various programmes of TTTIs such as

teacher training, stafi development and
instructional material and media
development appear to be inadequatcly
integrated in order to provide the
supportive and reinforcing
requirements of these programmcs for
producing cumulative effects.

The various components of long term
teacher training such as subject
updating, pedagogy and industrial
training are organised without linkages
which are strong enough to develop a
range of integrated competencies in the

trainces.

The ability of the teacher trainees o
transfer the generalized competencics
acquired by them (O teach specific

subjects/topics, taking into account ‘thc
constraints and  other  opcrating

conditions that are prevalent in their
institutions, has not been developed to

a mecaningful level.

Alternate Programme

The need to remedy the situation
hardly needs reiteration. Viable training
approaches  which  include in them
mcthodologies which are user-friendly and
participant-oricnted  and which take into
considcration the cxisting environment in
the user system must be developed. In
cvolving such approaches  the following
important  considerations which have a
bearing on their effectiveness must be kept
in mind.

*  Inadequacies in facilitics
in polytechnics would be
in implcmenting  any
although constant efforts
for improving the facilitics in
polytechnics. For reasons well known,
such a situation is likely to prevail in
the institutions for a long time.

and resources
major hurdles
programme,

arc underway
the

*  People are known to work in situations
which do not call for heavy investment

of time or efforts on their part.
However, where activities do not

demand any special cfforts, they can be
expected to give a fair trial to any new
idea or approach. This is particularly
true in situations where tcachers are
required to shoulder many’
responsibilitics and have a fairly high
work load hindering them from planing
for a new activity and implementing

the same.

*  Teachers will try out new approaches

and transfer the competencies gained
during training to the classroom in
their natural sctting, if there is no risk
‘of failure. They have a tendency to
play safe.
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Teachers will use the materials and
media in their instruction, if these are
available in adequate numbers and are
suttable for covering the prescribed
units of study.

In consideration of the above, it
becomes essential (o evolve a training
programme which has the components of
content, methodology, materials and media
which are appropriately integrated. The
programme must be aimed at enabling the
teachers 1o acquire  the necessary
competencies in various aspects of teaching
through the medium of a specifically
developed package. The package must be
the one which is capable of being used in
the natural classroom instruction.

SBPA Programme

A new approach called the
‘Subject-Based Package Approach’ (SBPA)
is conceived for training technical teachers.
This programme is aimed at getting over
some of the drawbacks of the conventional
training programme. The main objectives of
this approach are to

*

enable the teachers to understand the
methodology of developing
instructional packages

* enable them to use prepared
instructional packages for teaching
specified subjects with an emphasis on
improving the  effectiveness of
instructional processes

*  provide them opportunities to try out
the package in simulated situations

*  develop in them an integrated range of
competencies in content, methodology
and performance assessment, leading to
proficiency in teaching specified
subjects

Journal of Technical and Vocational Education

s of the programme
towards training

The SBP/’&G::;’J:SuSC of instructional
teachers 1M the € o concentrate  on the
use-wares, thug
| fita realisation of qualitative
ensuring he in structional processes. For
standards of suitable training programme
this purpoie’n quration 1S c.lemgned,
of a Sc;)and constantly monitored to
implemente b ciency in teaching identified
devg]op pro’t the extensive use of
subjects \:ifl instructional packages in the
pre-prcpafsbjects and to ensure adoption of
relevant s methods and resources on a
appropriate resulting 1n the

Salient featire

continuing . b(?;lsqua]i[y of instructional
improvemen
processes.

It is reasonable to expect classroom
teachers to constintly keep themselves
abreast of the growing knowledge in tl}e
areas of specialization. O_bsolescence in
subject matter is a great dlsadvan_tage for
teachers. Relevance of the content inputs to
the industrial processes and practices is the
hall-mark of any technician curriculum and
the students must be constantly exposed to
industrial facilities. This can be achieved if
the teacher trainee becomes familiar with
industrial practices. A host of instructional
methods from lecture to Computer Assisted
Instruction and  Interactive video
instructional systems are in practice at
different places. However, teachers must
choose the appropriate method keeping in
mind the facilities available, the nature of
the subject and students, time available and
other constraints and restraints, They are
also  responsible for assessing  the
performance of their students for the
explicit purposes of finding out to what
extent they have been able to achieve the
Instructional objectives spelt out. Such
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evaluation may have to be both formative
and summative. Their performance must be
assessed not only in the theory subjects by
also in practical work. This calls for
teachers o possess satisfactory level of

competency in - assessment  of  student
performance.

Steps in Planning

After careful and serious deliberations
the following stages were identified for
planning, implemenung and monitoring the
SBPA training programmes.

STEP 1: DEVELOPMENT OF APPROPRIATE
INSTRUCTIONAL PACKAGES

Pre-prepared Instructional packages
will be the principal medium for
developing proficiency among teachers for
teaching identified subjects. The package
will consist of:

— an operational course content. This
includes the objectives of the unit,
teaching points Icsson wise, suggested
activities for achieving the objectives
(such as lesson presentation on
concepts involved, classroom
assignments  with  feedback for
consclidation, home  assignments,
teaching learning resources (print as
well as non-print) and
indicators/assessment to find out the
extent to which the objectives have
been realised.

— lesson material containing teaching
points,  approaches for  lesson
presentation, details of examples,
feed-back questions, assignments and
conclusion. These make the task of the
teacher simple.

— media such as transparency sheets,
slides, audio and video cassettes for
use in the normal classroom setting.

!

STAVY DEVEY
= ounit test and assignment sheets for
administration at the end of the class,

In developing the package it would
be necessary 10 integrate  content  and
methodology including practical waork in
the laboratory and assessment of student
performance. The prevailing curriculum in
an identified subject, the most effective

methods  and  appropriate  media  for
Instruction  vis-a-vis  the prevailing
situations  and  environment must  be

considered so that the package may be put
o use in polytechnics and is feasible for
adoption under the obtainable working
conditions. In this process, possible
alternatives  with their philosophics and
underlying theories must be  carefully
considered. Flexibility of the methods and
media to suit any specific teacher and any
specific group of students is also allowed
for and in-built into the package. The
relevant  material and media are  also
developed and included as pant of the
package.

STEP 2: TRAINING PROGRAMME

Having developed the subject-based
package, the next step is to train teachers
to enable them to acquirc the required
competencics for effective teaching. The
main focus of this step is o concentrate on
the user-ware and ensure the realisation of
qualitative standards of the instructional
processes. The training programme will be
of a short duration of about 6-8 weeks and
will have all participants from any single
discipline, with 30 as the maximum
number. The programme will be designed
to facilitate mutually beneficial interactions
and appreciations of the problems and
issues in teaching the subject. It will
concentrate on treating all the components
of teaching (such as content updating,
choice and use of instructional methods and
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media, industrial - experiences  through
exposure to industry and industrial visits,
evaluaton etc) not independently or in
xgﬁ!:zﬂnn. Opportunitics for interactions and
du:cu..\sinns with the faculty, simulated
exercises,  laboratory  work, field visits
would be  provided towards enabling
ramnees  to  intermalize the relationships
among the different components and their
articulation in implementing instruction. By
_lhc very nature of the programme which is
intensive in nature and subject-oriented, it
can be expected 1o offer great promise of
cnsuring adoption of appropriate methods
and resources on a continuing basis.

I'TTI Madras experience
In tune with its constant efforts in

experimentation and innovations, TTTI
Madras tried out the SBPA for staff
development through a short term

programme in Mathematics.

Implementation Strategy

*  The topic ‘Differential Calculus’ in the
common core subject Mathematics was
considered for the preparation of the
package for the programme for training
Mathematics teachers.

*  The package was developed by a team
of faculty specialists in the subject.

*  The package includes the content in the
chosen topic, the content being
self-sufficient and self-contained. A
brief introduction spelling out the
importance of the topic, development
of the teaching points in a logical

" order, exercises and worked examples,
classroom assignments for

consolidation and feedback and follow .
week short course offered at TTTI Madras.

The course was attended by senior teachers

up activities are contained in J.he
~content. An operational course content
outline giving details of the specific
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for implementation
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The Training package in Mathematics
the topic Differential ~ Calculus

ing four units:

Functions and limits

Unit 1:

Unit 2: Methods of Differentation - I
Unit 3: Methods of Differentiation - II
Unit 4: Application of Differentiation.

The faculty developed pre-prepared

packages for three units viz., 1,2 and 4. It
was decided to involve the participating

teachers to prepare the package for unit 3
during the training programme with a view

.to enable them to understand the method

of preparing a package.

The SBPA was tried out in a two

from the Southern Region. As a course
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input the participants discussed the various
components of the package. They critically
reviewed the pre-prepared package for its
relevance, adequacy, and appropriateness.
Component  skills essential for teaching
were identified and they were guided 1o
acquire these skills. This package was tried
out under simulated conditions, following a
demonstration on teaching by the course
faculty.

Outcomes

The following are the outcomes of
the programme and the package approach:

— Enhanced competencies for effective
teaching of the 1opic, involving
integration of content and methodology
to cover aspects such as directing,
correcting, reinforcing and evaluating
learning.

73

— A validated instructional package on
the topic which can be used by the
tcachers in  their own institutional
settings to facilitate effective Icarning
by students.

Conclusion

The Subject-Based Package Approach
is thought of as a viable alternative to the
conventional type of long term training and
stiort term training programmes. The SBPA
takes into consideration the need for
developing  pre-prepared  subject-based
packages and training the faculty of
institutions by using these packages 1O
develop the required competencies for
effective teaching of their subjects.
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