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STRUCTURE AND ITS BEHAVIOURAL IMPLICATIONS

This thesis forms part of an applied project for a multi-
national organisation. The aim is to determine the extent
of ageing within the organisation and its performance
implications. The thesis is divided into three parts,
each containing three chapters. A glossary of notation
and terminology 1s provided.

In Part One, both the role of age as a factor in employ-
ment, and the development of occupational age structures
are discussed. The total manpower stock is classified
into occupations and the age and length of service
structures are analysed. A typology 1s developed and
sampled, and a retrospective framework employed to study
longitudinal change in age/service structures. A series
of age/service behaviour patterns for different types of
manpower movement is established.

In Part Two, a computer ageing simulation technique which
models the established age/service behaviour patterns is
developed. It is used to project occupational age/service
structures into the future, and is found to be both reli-
able and valid. On the basis of both the projections and
the retrospective study, the age-linked characteristics of
occupations are diagnosed and classified.

In Part Three, evidence relating age to work performance
is discussed, and a performance appraisal carried out on

a job previously diagnosed as possibly showing such a
relationship. The quality, efficiency and quantity of
performance, and. time worked are analysed across the
variables of age, length of service, training experience
and task complexity. An age/work performance relationship
is established, but found to be mediated by both training
experience and task complexity.

It is concluded that use of the simulation technique 1in
conjunction with performance information would provide a
useful human resource planning system. However, the
previously neglected variable of training experience must
be incorporated into both manpower models and performance
appraisals when considering the implications of ageing.
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1.1: DEMOGRAPHIC TRENDS AND CHANGES IN EMPLOYMENT
PATTERNS

"Age becomes a significant factor in a worker's
life when, simply because of advancing years, he
begins to find difficulty either in doing his
work, or in finding or keeping a job. It is at
this stage of his career that he becomes an
'older worker' from the standpocint of the world
of work."

Director-General of the I.L.0. in 1962
(International Labour Office, 1962, p.14)

1.1.1: Ageing populations

The decline in birth and death rates in industrialised
countries has led to there being national populations
which are significantly older than in any previous hist-
orical period. The United Kingdom has developed a !pear-
shaped' age structure, characteristic of all the indust-
rialised nations. This age structure is illustrated in
Figure 1.1 overleaf, and is in sharp contrast to the
predominantly youthful age structures of developing

countries (where sometimes over three-quarters of the

population are aged below 30).

Table 1.1 shows that the proportion of the population
aged 65 and over has increased over the period from 1951
to 1980 by, on average, about 3 per cent in several

industrialised countries.

The consequence of this increase in the relative size of
the elderly population has been an increase in the

elderly dependency ratio (defined as the population of
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FIGURE 1.1: UNITED KINGDOM POPULATION BY AGE AND S5SEX
IN 1980

retirement age expressed as a proportion of the population

of working age). In the United Kingdom, the elderly dep-
endency ratio rose from 11.0 per cent in 1911 to 27.2 per
cent in 1971. It is predicted to increase to 28.8 per
cent by 1991. Considerable cost is incurred in the pro-
vision of the basic state pension together with supple-
mentary benefit. In the United Kingdom (where the level
of benefit is relatively low com@ared to many industrial-
ised countries) the 1981 cost was £10.9 billion which

represented 5 per cent of the Gross National Product.




Similar increases in the dependency ratio in the United

States are predicted (for example, Sonnenfeld, 1978).

1.1.2: Labour force participation

The problems associated with an increasing dependency
ratio are exacerbated by recent trends towards earlier
withdrawal of men from the labour force. Table 1.2
overleaf presents economic participation rates for men

in six industrial countries. There has been a substantial
fall in the participation rate of men aged 65 and over,
as well as for men aged 55 to 64. A continued fall in
participation rates is estimated in the United States
(Flaim & Fullerton, 1978; Fullerton, 1980). The part-
icipation rate for men aged 65 ahd over is estimated to
fall from 20.1 per cent in 1977 to 15.0 per cent by 1990.
The participation rate for men aged 55 to 64 is estimated
to fall from 74.0 per cent in 1977 to 65.0 per cent in
1990, even though the number of men in this age group is
projected to increase from 9.5 millions to 9.8 millions

over the same period.

If this trend continues, then it has been suggested that
it may create difficulties for any expansion of the
United States economy over the next decade (see Gillaspy,

1980, for discussion).

The reduction in the labour force participation rates in
industrialised countries appears to be due to several

Factors:=




Actual Projected

1950 1960 1970 1980 1990
France n.a. 75.0 71.3 67.3 53.9
West Germany 82.0 82.2 71.8 67 .8 n.a.
Japan N.a. 86.1 86.6 88 .5 n.a.
Sweden Ned e 87 .8 85.4 Neas 79 .1
United Kingdom Nedo. N.a. 91.2 83.8 Neas
United States 86.4 84.7 80.8 69.9% 64.2

Men aged 55 to 64

Actual Projected

1950 1960 1970 1980 1990
France 38.0 30.5 15.1 6.0 5.0
West Germany 26.6 22.6 19.9 7.4 N.a.
Japan 51.7 56.0 48 .9 45.5 n.a.
Sweden 36.1 27 .1 19.2 N.a. 7.9
United Kingdom 32.5 25.4 19.9 10.8 N.a.
United States 42.1 30.3 25.7 17.7° 14.4

Men aged 65 and over

21981

TABLE 1.2: ECONOMIC PARTICIPATION RATES OF MEN AGED
55 TO 64, AND 65 AND OVER, FROM 1950 TO 1990 IN SIX
INDUSTRIALISED COUNTRIES




Structural changes in the distribution of emp-
loyment led industrialised economies away from
a society in which the majority of the labour
force was employed in agriculture and the
extraction industries. Initially, a large
proportion of the labour force was involved in
manufacturing industries. More recently, the
service sector has become the primary economic
sector, and it has been argued that we are now
seeing the development of an information sector
as the major economic sector (e.g. Bell, 1980;
Gershuny'& Miles, 1983). Whilst this economic
transition has been more marked in some
countries than in others, common to all
countries has been a progressive reduction in
the labour force participation rates of elderly

people (Belbin & Clarke, 1971).

The age of mandatory retirement has been, or is
about to be lowered in many countries; examples
include Ireland, Norway, Sweden and France. In
recent years, only the United States has raised
the mandatory retirement age from 65 to 70 in
the private sector (although there are some

exceptions).

However, whilst there has been a shift away from
compulsory retirement in the United S3States,
incentives to withdraw voluntarily from the

6



labour force have been expanded (Work in Amer-

ica, 1980). Brousseau (1981) noted the follow-

ing incentives in the United States:-

a) that the proportion of the labour force
covered by Social Security benefits rose
from 58 per cent in 1940 to 95 per cent in
1975;

b) the number of people covered by private
pension plans rose from 10 millions in 1950
to 30 millions in 1975;

c) there has been growth in real terms in the
magnitude of Social Security benefits;

d) regulations have changed so tﬂat it is
easier to retire earlier, albeit with some
reduction in retirement benefit. In Belgium
for example, although the retirement age for
men is 65, it has been possible to retire
at age 64 without financial penalty since
1977. In the United Kingdom, the Job
Release Scheme and recent changes to unemp-
lo&ment registration regulations have,
similarly, encouraged earlier withdrawal
from the labour forcej

e) a number of private companies have lowered
the minimum age at which full benefits can
be taken. Early retirement has alsc been
encouraged by 'topping up' benefit provisions

where necessarve.

~



Personal reasons for retiring early have been
studied by surveys in both the United Kingdom

and the United States.

Surveys of early retirement fall into two cat-
egories of either selected groups of early
retirees or cross-sections of the whole early
retiring population.

a) McGoldrick and Cooper (1980) interviewed and
surveyed 120 male early retirees and their
wives from companies based in the North West
of England. Health accounted for only 10
per cent of the reasons given (but early
retirements through complete disability or
ill-health were generally excluded from the
sample). The main reasons given for ret-
iring were that the finances were right,
they had worked long enough or deserved
retirement, and they wanted more free time.,

b) Parker (1980) carried out a national survey
in Britain in 1977. It was clear that many
male early retirees were forced to give up
work against their wishes for reasons of
ill-health (76 per cent had some handicap
and 50 per cent gave ill~health as their
main reason for leaving). 44 per cent of

the sample were sorry that they had retired.

Similar findings have come from the United

8



States. Reno (1971) concluded that many of
the early retired employees did not want to
retire, and their-attitude was probably rel-
ated to retirement income. About 70 per
cent had lost their jobs through ill-health.
Poor health is one of the reasons most
frequently cited for early retirement by
older workers (Barfield, 1972; Parnes &

Meyer, 1972).

1.2: AGE DISCRIMINATION IN THE WORKPLACE

1.2.1: The extent of age discrimination

Angther major factor which accounts for reduced partic-
ipation rates for older workers is age discrimination
(Sheppard, 19703 Slater, 1972). Haefner (1977) inter-
viewed 585 employees within a wide range of occupations.
Interviewees were presented with descriptions of sixteen
hypotheéical workmates (whose age, race and sex were
experimentally controlled), and asked to rate the degree
to which they would like to work with the (hypothetical)
workmate. Discrimination on the grounds of age, sex and
race was found, with the older, black and female emp-
loyees being the least favoured workmates. Older emp-
loyees in the sample did not, themselves, show any age
discrimination. However, the effects of age discrimin-

ation are clearly felt.

Kasschau (1976, 1977) obtained data on reported discrime-

9



ination for 273 employees aged over 45, in the aerospace
industry. The sample represented a 30 per cent response
rate to the questionnaire. Two separate forms of age
discrimination were reported. These were situations
where either personal discriminaticn was reported, or in
which discrimination on the grounds of age was reported
by a friend. The extent to which discrimination in these

categories was reported is shown in Table 1.3 below:

Situation ~ Personal Discrimination Total

Discrimination reported by a

friend

In finding a 33% 45% 78%
job
Promotiocnal 22% 22% 44%
block
Staying on in 10% 40% 50%
present job
Forced retire- 20% 40% 60%
ment

TABLE 1.3: PERCENTAGE OF OVER 45 YEAR OLD EMPLOYEES WHO
HAVE PERCEIVED AGE DISCRIMINATION WITHIN VARIOUS CONTEXTS

(After Kasschau, 1976, 1977)

Age discrimination was most frequently reported in
finding a job, where 78 per cent of the sample had
either personally felt such discrimination, or had a
friend who had been discriminated against. Forced ret-
irement (60 per cent), staying on in the present job

(50 per cent) and promotional blocks (44 per cent) also

10



constituted situations in which discrimination was rep-
orted. Considerable difficulty, then, is found in
gaining new employment, staying on in employment and in
being forced to leave employment. Evidence covering age
discrimination in these three aspects of the working life

is now briefly discussed.

1.2.2: Age discrimination in recruitment

A recent analysis of age discrimination in the United
Kingdom was carried out by Jolly, Creigh and Mingay
(1980). In a survey of some 16000 national records from
the Manpower Services Commission, 27.5 per cent of vac-
ancies were qualified by an upper age limit. This
figure differed across occupations. The highest propor-
tions of age limits were found in the distributive trades
(35.8 per cent) and manufacturing (30.2 per cent), and
the lowest proportions in the service industries (22.9
per cent) and construction (17.9 per cent). Where age
limits occurred, applicants were restricted to younger
age groups. 44.9 per cent of restricted vacancies had
an upper age limit of 30 years, reaching 65.3 pér cent
with an upper limit of 40 years. Little leniancy is
practised as only 17 per cent of successful candidates
were actually older than the official age limits. An
analysis of the percentage of jobs open or closed to
individuals seeking professional employment showed that
53 per cent of vacancies were closed to individuals agéd
over 45. This figure became 76 per cent by the age of
50, and 98 per cent by the age of 60.

11



1.2.3: Age discrimination at work

Rosen and Jerdee (1976b) found that the older worker 1is
stereotyped as potentially less émployable than a younger
person (particularly for highly demanding and challenging
positions). The older worker is expected to perform less
well at creative, motivational and productive tasks, and
is viewed as having a lower potential for development.
Rosen and Jerdee (1976a, 1977) then tested the extent to
which such stereotypes influenced managerial decisions.

A sample of 142 undergraduate business students performed
an in-basket simulation exercise of managerial decisions.
A decision was required concerning a hypothetical indiv-
idual about whom a complaint had been received. The
individual in the incident was presented as being either
older or younger, and six incidents were manipulated.

The older manager was seen as being significantly more
resistant to change, less promotable, less suitable for
financial risk-taking decisions and less motivated to
keep up to date. Raters were less prepared to allocate
funds to retrain the older worker, or to allow attendance
on refresher courses, than for the younger worker. When
asked to choose between a talk to the manager or finding
someone else for the job, it was decided that the younger
manager should be given a talk, whilst the older manager
should leave. Raters were also more willing to terminate
the employment of the manager whose skills had become
obsolete, and hire a fully qualified replacement, if the
employee was older. Rosen and Jerdee (1977) argued that

to the extent that such stereotypes influence managerial
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decisions, the potentially serious consequences for
older workers include lowered motivation, career stag-

nation, and eventual career obsolescence.

Slightly different results were found by Schwab and
Heneman (1978) with a more representative sample of 35
personnel specialists responsible for performance eval-
uation within their cbmpaniesa In a disguised task,

the age and length of company service of a hypothetical
applicant for a secretarial post were experimentally
manipulated. Six ratings of job performance were rated,
based on a series of presented critical behaviour inci-
dents. Job experience and age of the target secretary
had no impact on the performance evaluations but there
were significant interactions between the age of the
rater, and age of the target secretary. Older raters
p:ovided lower ratings of older secretaries on job know=
ledge, responsibility and recommended salary increases.
Two reasons were put forwara for the lack of overall age
effects:-

1. In line with previous findings (e.g. Reno, 1979)
the personalisation of the older individual
reduces age discrimination, making it more diff-
icult to downgrade ratings of performance.

2. The target job (secretarial) is not as skill
obsolescent as that of management, which was

used in the studies by Rosen and Jerdee.
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1.2.4: Age and unemplovment

Daniel (1974) analysed a 10 per cent national survey of
the U.K. unemployed, and found that the percentage of
unemployed due to redundancy rose from 17 per cent when
aged under 25, to 42 per cent if over the age of 55.
Daniel (1974) concluded that closures, shortages of work,
and, particularly, reorganisations of work were more

likely to affect older workers.

In another analysis, Daniel constructed a probability
index for unemployment. He found a U relationship bet-
ween age and probability of unemployment, but a positive
linear relationship between age and duration of unemp-
loyment (as well as probability of redundancy). In 1973
the worker aged over 55 was slightly more likely to be
unemployed than the worker aged under 25. Both these
age groups were twice as likely to be unemployed than
the 35 to 44 year olds. However, the over 55 year old
was three times more likely tovbe made redundant than the
under 25 year old, and the period of unemployment was

twelve times as long.

The last decade has seen ?he "democratisation” of unemp-
loyment, as evidenced in Table 1.4 overleaf. This table
shows both the numbers of registered unemployed and the
proportions of long-term unemployed (over one year), by
age bands. The number of registered unemployed increased
from 660,606 to 2,221,050 from 1973 to 1983, and the
Proportion of this total who were long-term unemployed
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increased from 24.45 per cent to 40.03 per cent. The
effect of this massive increase in unemployment differéd
across age bands. The long-term unemployed aged under

25 increased as a proportion of total unemployed from
1.94 per cent in 1973 to 9.10 per cent in 1983. The same
proportion for 55 to 64 year olds fell from 11.03 per
cent to 9.70 per cent. Long-term registered unemployment
is probably underestimated by one third (Tyrrell &
Shanks, 1981) because individuals have to re-register
after prolonged illness. To the extent that such pro-
longed illness may increase with age, the figures might
underestimate older long-term unemployment. Similarly,
recent changes in regulations regarding registration have
reduced the number of registered unemployed aged over 60
by an estimated 199,000 (Lipsey, 1983). Therefore, the
1683 figure is likely to have‘overestimated the decline
in the proportion of unemployed represented by the 55 to

64 age band.

Redundancy "seems to slide into early retirement for a
substantial number of men under pension age" (Parker,
1982). Two national surveys during 1976-77 in the United
Kingdom showed that between 19-22 per cent of men who
gave up work before the age of 65 did so because of red-

undancy (Hunt, 1978; Parker, 1980).
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1.3: AGE AND WITHDRAWAL BEHAVIOURS

Evidence discussing age as a factor in employment has so
far generally concerned aspects beyond the immediate
control of the individual (such as méndatory retirement,
age stereotypes and unemployment). Attention is now
turned to the relationship between age and voluntary
withdrawal behaviours. There are two types of withdrawal
behaviour considered, i.e. absenteeism and unavoidable
turnover. Both these behaviours form important aspects
of accountable performance. The loss of productivity,
wasted in§estment in training, and replacement costs
associated with turnover are all accountable costs
(Flamholtz, 1974). Similarly, an average 3.5 per cent
of scheduled work hours are lost due to absenteeism in
the United States (Taylor, 1979) accounting for a nat-
ional loss of over $26 billions a year (Steers & Rhodes,

1978) .

1.3.1: Absenteeism and age

Age and tenure represent two -of the many correlates of
absenteeism investigated. Reviews on absenteeism have
been made by Brayfield and Crockett (1955), Herzberg,
Mausner, Peterson and Capwell (1957), Muchinsky (1977},
and Porter and Sfeers (1973), yet the lack éf causal
theory and appropriate taxonomies to classify those
studies with age as a variable, have made the effect of

age upon absenteeism difficult to interpret.



Several factors interact with age and tenure as explan-
atory variables of absenteeism (Nicholson, Brown &
Chadwick-~Jones, 1977), including the type of absence
(whether paid or unpaid, and avoidable or unavoidable)
and the methodology employed (longitudinal or cross-
sectional). There is only limited information on the
reliability of absence measures used (Muchinsky, 1977).
Less than 9 per cent of studies computed the reliability
of their measures, and estimates ranged from +0.16 to
+0.74. Whilst frequency of absence was the most rcbust
measure, estimates of reliability for even this measure

were not consistent across studies.

Evidence indicating a positive correlation between age
and absenteeism has come from two longitudinal studies
on construction and skilled manual workers (Cooper &
Payne, 1965; De La.Mare & Sergeaﬁ, 1961), and a cross-
sectional study on clerical workers (Garrison & Much-
insky, 1977). Garrison and Muchinsky's (1977) study
distinguished between paid and unpaid absence. Age cor-
related positively with paid absence and negatively with

unpaid absence.

Negative correlations between age and absenteeism were
obtained by Spencer and Steers (1980), Taylor (1967) and
the U.S. Department of Labor (1956). Thése studies
showed a negative correlation between age and frequency
of absence, and a positive correlation between age and
duration of absence.
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Jackson (1944) found a U relationship between age and
absence in a sample of machine shop workers, and two
studies found no relationship in samples of female cler-
ical workers and factory workers (Naylor & Vincent, 19593

Schenet, 1945).

Nicholson, Brown and Chadwick-Jones (1977) clarified
these often contradictory findings by distinguishing
between sex of sample and type of absence. They con-
cluded that there is a distinct negative relationship
between age and avoidable absence (casual, voluntary and
unsanctioned frequency of absence) for males. This rel-
ationship for females is a less powerful negative relat-
ionship. There is no predominant relationship between
age and unavoidable absence (sickness, involuntary,
sanctioned and ‘time-lost absence) for women, whilst for
men, it appears that there are fewer unavoidable absences
but, when they occur, the duration is longer than for

younger men.

The link between tenure and absenteeism is more clear-
cut. Whilst positive linear relationships between tenure
and absence for female blue and white collar workers
(Baumgartel & Sobol, 1959), and between tenure and paid
absence for clerical workers (Garrison & Muchinsky, 1977)
have been demonstrated, evidence for a negative linear
relationship is far more predominant. A negative relat-
ionship has been found for male blue collar workers,
machine shop workers, teachers, service workers and
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female clerical workers (Baumgartel & Sobol, 1959;
Behrend, 1959; Jackson, 1944; Knox, 1961; Simpson, 1962;
Spencer & Steers, 1980; Waters & Roach, 1971), and for
clerical workers with unpaid absenteeism (Garrison &
Muchinsky, 1977). No relationship was found in a long-
itudinal study of factory workers by Hill and Trist

(1955) .

1.3.2: Age and unavoidable turnover

Unavoidable turnover, defined as individual separations
from a single plant excluding those leaving due to red-
undancy, mandatory retirement and death, represents an
area of age behaviour discrete from forced withdrawal
from work (see Section 1.2.4). ‘The link between age and
tenure (referred to as the age-tenure hypothesis) would
seem apparent from the often observed high correlations
between on the job service and age (e.g. O'Boyle (1969)
found a correlation of +0.989 for men and +0.932 for
women). Such observations, whilst ignoring the obvious
limitation that young people have not had the time to
accumulate service with an employer, are nevertheless
supported by an overwhelming number of generally cross-
sectional studies. These show a negative correlation
between age and propensity to leave, and tenure and pro-
pensity to leave (Pettman, 19755 Price, 1977). Numerous
reviews on turnover have supported this contention (e.g.

Andrew, 1957; Porter & Steers, 1973).

The use of controls is relatively rare in studying the
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relationship between age and turnover, although four
studies have shown that age and turnover continue to be
negatively related when service is controlled for
(Charters, 19703 Mackay, Boddy, Brack, Diack & Jones,
19713 Mangione, 1973; Van der Merwe & Miller, 1970).
Using sex as a control, Archibald (1973) found thé usual
negative relationship between age and turnover although

it was stronger for men than women.

Evidence for the importance of tenure is provided by a
serieé of studies on clerical, production and sales
workers, nurses' aides, ward attendants, bﬁs drivers,
long-~haul lorry drivers and seasonal workers (Barrett &
Lang, 19633 Black & Mackinney, 1963; Brown & Ghiselle,
19473 Buel, 1964; Cleland & Peck, 1959: Dunnette &
Maetzold, 1955; Dunnette, Kirchner, Erickson & Banas,
19603 Fleishman & Berniger, 1960; Green, 1969;: Kerr,
19473 Kirchner & Dunnette, 1957; Livingstone, 1955; Mac-
Kinney & Wolins, 1959; Mandel et al, 1956; Minor, 1958;
Sowatsky, 19513 Shott, Alb:ight & Glennan, 1963; Tiffin
et al, 1947; Tiffin & Phelan, 1953; Wernimont, 1962; °
Wilson, 1959; and York, 1956). The variables considered
included age, length of service, sex, skill level,
marital status, number of children and method of recruitf
ment. Pettman (1975), in his review, concluded thét the -
two most reliable variables were length of service and

the reasons given for leaving the previous job.

A recent study by Stumpf. and Dawley (1981) used age, sex,
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tenure, education, absenteeism and three measures of per-
formance to predict voluntary and involuntary turnover
in a sample of bank tellers. Hierarchical multiple reg-
ressions provided significant predictions accounting for
27.2 per cent of the variance in voluntary turnover and
37.8 per cent of the variance in involuntary turnover.
For voluntary turnover, the three performance measures
accounted for 9.2 per cent of the variance followed by
tenure (7.3 per cent), age (5.1 per cent), absenteeism
(3.0 per cent) and sex (2.6 per cent). The relationship
is different for involuntary turnover, with the perfor-
mance measures producing the largest variance change
(10.5 per cent), tenure (7.0 per cent), sex (3.3 per
cent) and age (3.1 per cent). It can be concluded that
age bears a strong negative relationship to propensity
to leave voluntarily, but it is nqt as important as an

individual's performance and tenure.

Reasons suggested for the negative link between age and
propensity to leave include an increased importance of

job security with age (Clarke, 1950) and of the benefits
accruing to longer service, e.g. pension rights (Harris,

1964; Hatch, 1963).

1.4: THE DISTINCTIVE LABOUR MARKET EXPERIENCE OF OLDER
WORKERS

In Section 1.2.4, it was pointed out that between 19-22

per cent of men who give up work before the age of 65 do
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so by retiring after a sustained period of unemployment.
Another common strategy is to 'downgrade' their skill
level, or move into 'part-time' employment in an attempt
to find a job (Daniel, 1974, 1981). Those older workers
who remain in employment therefore tend to be concent-
rated in relatively few industries. Makeham (1980)
showed that, in the United Kingdom in 1977, 29 per cent
of all males, but 55 per cent of men aged over 65 in
employment, were employed in the four industries of
agriculture, distribution, professional and scientific
services, and miscellaneous services. Similarly, Nelson
.(1980) using 1970 census data in the United States, found
a relative concentration of workers aged 65 and over in
'marginal occupations' (defined in terms of job security,
number of weeks worked per year, rate of occupational
growth or decline, and social status). Sobel (1970)
pointed out that, since 1930 in the United States, older
men were found in disproportionate nuﬁbers in many
unskilled service occupations which required only low
levels of skill and training. Such evidence, in conjunc-
tion with that describing recruitment, workplace discrim-
ination, and unemployment, describes what Makeham (1980)
called '""the distinctive labour-market experience of

older workers" (p.40).

1.5 OCCUPATIONAL AGE STRUCTURES

1.541¢ Theoretical value of occupational age structures

“The distinctive labour market experience of older workers
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with differential age limits for vacancies across occup-
ations, and increasing concentration with age of indiv-
iduals into a narrow band of occupations, has led to the

study of occupational age structures.

The assumption made is that the age distribution of
workers in an occupation reflects the difficulty that

the occupation poses for an age group. The matching
process by which this assumption is achieved requires
that individuals who are well-suited to the work will
remain in the occupation. However, the individual who
(because of age) is mismatched, will either be forced to
leave (forced early retirement or compulsory redundancy),
induced to leave voluntarily on the grounds of self-
selection, or barred from joining (by age limits to

recruitment).

There is evidence to show that the movement of manpower
into and out of occupations is of a sufficient magnitude
to make this matching‘process a valid assumption (Elliot,
1966; Harris & Clausen, 19663 Smith, 1967, 1974). How-
ever, local and national economic and demographic factors
in the form of the age range of the labour force (past
and present), recruitment and retirement policies, and
unemployment, can also influence occupational choice
(Butler, 1968; Carter, 1963; Welford, 1951), and might

blur the age-~linked matching processe.

Smith (1974) points out that the theoretical value of
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occupational age structures rests primarily upon a neg-
ative case, in that the use of age structures is not
prone to many of the methodological problems which affect
experimental studies of age and performance indices.
These methodological problems are dealt with later in
Chapter Seven, when the topic of age and work performance
is researched. At this point, Welford's (1951) con-
clusion that more valid results are found by considering
the "incidence of older people on different occupations"”
as opposed to studying producticn indices is concurred

with.

1.5.2: Early studies of occupational age structure

Barkin (1933) pioneered the use of occupational age
structures in a study conducted in the United States
during the Depression. He employed five categories of
Jjob description, and collected information on the type
of industrial work on which individuals of different
ages were engaged. Barkin found that the percentage of
individuals engaged in "work which is performed by the

application of bodily strength, or by the use of tools

demanding bodily movements" (body work) increased con-
siderably with age from the early thirties onwards. In
the case of newly-hired workers, this phenomenon was even

more markede.

Belbin (1955) conducted a similar study using a 1 per
cent sample of the 1951 United Kingdom census. He exam-
ined the age distributions of jobs associated with heavy
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and light physical demands and found that, in industries
such as steelmaking and bricklaying, proportionately

more of the unskilled jobs requiring strenuous physical
work were occupied by men aged over 45. Men of this age
occupied propbrtionately fewer of the skilled jobs making
minimal physical demands. However, no contrasts between
the age structures of jobs associated with heavy and
light work were observed in the plumbing and plating
industries, and reductions in the number of men aged 55
and over employed as dock labourers; navvies, black-

smiths and hand hewers were found.

As age increases, so do transfers to lighter work
(Belbin, 1955; Richardson, 1953) suggesting that, in
some jobs, heavy work may pose greater difficulties for
older workers than for younger ones. Richardson (1953)
found a positive relationship between age and frequency
of transfers to lighter work which was particularly
marked in unskilled and semi-skilled workers aged over

40 years. Whilst over half the transfers were due to

illness or injury, depth interviews and medical records
revealed that, in many cases, the transfer followed a
minor illness or injury. The recovery from such minor
illnesses was both rapid and complete, but it appeared
to act as a 'trigger-factor'. The final move to lighter
work was often preceded by a period of weeks or months
in which the individual became aware of the difficulties
associated with heavy work. By far the most important
difficulty reported was the speed of the work required,
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such that even when older men remained in jobs requiring
heavy work, they transferred to jobs associated with a

slower pace of working.

The finding that pace of work may pose a problem for
older workers is consistent with the results of another
study by Belbin (1953). Workshop operations in 32 firms
were surveyed and the characteristics of each operation
where difficulties were experienced by older workers
(either in skill acquisition or continued performance)
~were analysed. The common features of operations in
which age difficulties occurred Were compared to a con-
trol group of operations where these difficulties were
not apparent. Figure 1.2 overleaf compares the age
distribution of workers in jobs where time stress was
either present or not. It can be seen that, for both men
and women, there was a steadily declining percentage of
workers from the age of 35 onwards, in those occupations
which involved time stress, whilst in those that did not,
there was, if anything, an increasing percentage of
workers above this age. Training differences were also
experienced from the twenties onwards in jobs demanding
a high'degree of sensorimotor skill, and some tendency
was observed for older workers to move away from "oper-
ations requiring continuous bodily movement and activity™"

especially when pacing was also a feature of the job.

An extensive series of examinations of the age structures
of jobs and their possible relation to work difficulties
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was carried out by Murrell and his Co—workers (Griew &
Tucker, 1958; Murrell,v 1962; Murrell & Griew, 1958;
Murrell & Tucker, 1960; Murrell, Griew & Tucker, 1957).
These studies looked at the median ages of representative
jobs in the light engineering industry in the South West
of England, and found that they were highly consistent
across a number of firms over a period of several years.
The median age of workers in the industry was 43.2
years. Jobs were classified as old or young around this
median age. The 'old' jobs were mainly physical, and
involved minimal time stress (e.g. storekeepers, median
age 49.5 years; packers, median age 53.0 vears; lab-
ourers, median age 55.0 years; and factory service
workers, median age 56.5 years). Jobs associated with
the lowest mean ages appeared to be those which made
relatively high perceptual demands. They included patt-
ern makers (median age 31.0 years), electricians (34.2
years), millers (35.1 years) and grinders (38.0 years).
The factors in the work situation which were sources of

difficulty for the older worker were revealed by job

analyses to involve dial readiﬁg; a high degree of
tolerance to be worked to, small detail to be attended
to, and complex instructions to be followed. These fac-
tors all involve high perceptual demands. Fewer problems
for older workers were posed by large amounts of physical

activity or heavy loads to be lifted.

A higher proportion of reportable accidents than would
be expected (if there were no interaction between age and
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job demands) was noted for older workers working in
'young' occupations (Griew, 1958). For example, men
aged over 44 working as millers and grinders ('young!
jobs) sustained about twice the expected number of acci-
dents, whilst men over 44 working as storekeepers and
labourers ('old' Jjobs) had about the same number of

accidents as would be expected.

1.5.3: A clarification of the concept and measurement
of occupational age structures

There are two concepts within occupational age structures

which Smith (1974) clarified.

15.3.1: The level of measurement

The level of measurement revolves around the definition
and validity of the term 'occupation'. Depending upon
the aims of the study, age structures can be measured for
jobs, industries or occupations. More immediate solu-
tions may be afforded by study at the lower levels (job
and industry), but the level of occupation is best when

general issues are under study. Smith (1974) argues the

following three advantages of considering occupations:-
1. Once data at the industrial level are subdivided
by sex, age and occupation, then frequencies
within single categories become small, and sub-
ject to dramatic change year by year. The
industrial level could be said to be over dis-
criminating.

2. Data at the industrial level are more vulnerable
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to highly specific factors which might be
affecting that industry at that time. This
effect is less apparent in occupational data
which can cross industries. The industrial
level could be subject to greater 'baékground
noise'.

3. Industrial data may ignore considerable inter-

industry mobility.

To these arguments should be added a fourth which is

concerned with the underlying psychological requirements

of works-

4. There are definitive occupational profiles

across the constructs of aptitudes (Stewart,
1947), interests (Cardall, 1942) and personality
(Cattell, Day & Meeland, 1956), such that sig=-
nificant differences exist between occupations
on scores on these constructs. More recently,
evidence points towards core skills underlying
occupational families. Such distinct differ-

ences 1in psychological attributes allow for

easier generalisation from occupational age
structure differences than from industrial age
structures, where the psychological under-

pinning is not as definitive.

Therefore, studies which use a definition of occupation
which is both nationally standardised and has a psycho-
logically meaningful structure may be of considerable
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value. The study of occupational age structures has been
applied in such diverse areas as accident investigations
(e.g. McFarland, 1959; King & Speakman, 1953); vocational
guidance (e.g. Griew & Tucker, 1958); manpower planning
(Air Transport & Travel I.T.B., 1972; Road Tranport
I.T.B., 1972); performance appraisal (e.g. Kutscher &
Walker, 1960); prediction of future events and national

policy making (e.g. Le Gros, Clarke & Dunne, 1955).

1.5.3.2¢ The statistical basis of measurement

An occupational age structure needs to efficiently summ-

arise the ages of workers in a manner which removes the
influence of other factors such as the size of the occup=
ation. A series of measures have been used in the study
of occupational age structures (Smith, 1974) including:-

a) simple frequency distributions

b) percentage distributions (or proportions)

c) ratios of frequency in one age group divided by

frequency in another (standard) age group

d) transformation of frequencies in age groups to

a proportion of 100 per cent which is attributed
to the largest frequency

e) ratio of proportion in each age group as a
proportion of all workers in that age group

f) standardisation of frequencies in age groups as

a ratio of 1.0

Smith (1968a, 1968b, 1969, 1970, 1973) favoured the use
6f measure (f). This was calculated as follows. The
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total frequencies of active males or females in all the
age bands are calculated. Each age band frequency is
then expressed as a percentage of all economically active
males or females. An identical procedure is carried out
for the occupation, deriving the percentage of all males
in the occupation within each age band. A ratio is then
calculated for each age band of the occupation by div-
iding the percentage of males in the occupation by the
percentage of all economically active males. The
resultant ratio measures the relative representation of
each age band in the occupation. A ratio of more than
1.0 shows that there is an over-representation of people
of that age in the occupation in proportion to the total

working population of the same age.

1.5.4: A classification of occupational age structures

Smith (1969, 1970, 1975) classified occupational age
structures derived from British Census data by using
distance measures on seven non-orthogonal dimensions
which were then cluster-analysed. 137 occupations were
classified into four broad groups of age structures,
which were then sub-divided into six characteristic age
structures. These six characteristic age structures are

illustrated overleaf in Figure 1.3.

1.5.5: Change in occupational age structures: Hypotheses
H and A

Smith (1973) attempted to answer the question of what

causes an occupation's age structure by studying

33



N7
N

N3
J

FIGURE 1.3: SIX CHARACTERISTIC AGE STRUCTURES
CLASSIFIED BY SMITH (1969, 1070)

longitudinal changes in British Census data from 1961 to
1966. Two hypotheses were advanced: Hypothesis H main-
tained that an occupation's age structure is merely a
blurred picture of the history of that occupation,
caused by historical and economic factors. The temporal
consequences in this case would show that the peaks and
troughs of the age structure would move across the age
bands in direct relation with time passed. Hypothesis
Ay however, maintains that the age structure reflects
difficulties experienced in the job demands by different

age groups. A trough in the proportion of ocver 50 vear
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olds would mean that, on average, those over the age of
50 cannot perform the work adequately. Consequently,
changes i1in the shape of the age structure over time

would be minimal.

Smith (1973) developed a suitable measure of occupational
age structures (described in Section 1.5.3.2) which was
not confounded by external demographic influences such

as fluctuations in birth rates. Occupational age struc-
tures were derived from 1961 Census data. These were
then 'projected' forward five years under the two
Hypotheses A and H. A Hypothesis H projection involved
"'moving' the proportions of the age structure forward
into the next five year age bands, and a Hypothesis A
projection meant keeping the same age structure. These
two hypothetical future age structurés were then compared
with the age structure that actually occurred (based on

1966 Census data).

The results clearly showed that 133 occupations most
clearly cornformed to Hypothesis A (age-linked change),
and 50 occupations conformed to Hypothesis H. Conformity
was calculated using a D2 test, and the two proportions
were significantly different using a sign test (p<.001).
Smith -(1973) concluded that those occupations which
adhered to Hypothesis H '"contain a higher proportion of
jobs that involve a definite career structure or
training" (p.489). Excluding those occupations which

showed a relatively flat age structure (type 3 in

35



Figure 1.3), there was a high correlation between the
proportion of occupations accounted for by Hypothesis H
and the "agedness'" of the age distribution. The
Kendall's Tau rank order correlation was +0.80 (p<.05),
showing that the 'older' the occupational age structure,
the more likely that future change will be historical as

opposed to age-linked.

1.6: (CONCLUSIONS

The research discussed in this chapter has provided the

following findings and conclusions:=-

1. National populations in industrialised. countries
are ageing and are now significantly older than
at any previous historical time. However, the
economic activity of the increasing number of
older people is in decline, particularly in

mene.

2. The reasons which underlie this potentially
damaging drop in economic activity with age
include economic structural change; reductions
in the age of @andatory retirement; increased
incentives for voluntary withdrawal from the
workplace; poor health; and age discriminatory

attitudes and personnel policies.




Age discrimination is clearly represented in
recrultment age limits, stereotypes of older
workers, and age-bias in redundancy. The over
55 year old in 1973 was three times more likely
to be made redundant, and would be unemployed
for a period twelve times as long as his under

25 year old counterpart.

The positive correlation between age and invol-
untary withdrawal from the labour force is in
stark contrast to the link between age and vol-
untary withdrawal behaviours. Older men are
avoidably absent significantly less often than
are younger men. To a lesser extent, the same
is true for older women. Unavoidable absent-
eeism occurs less frequently for older men, but
when it does, it lasts for a longer period.

Age and turnover are also significantly neg-
atively related. The reduced turnover and
absenteeism with age constitute a cost=saving
which deserves consideration alongside direct

measures of productivity.

The combination of distinguishable age patterns
in both voluntary and involuntary withdrawal
from work, along with age discriminatory atti-
tudes constitute a distinctive labour market

experience for older workers.
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This distinctive experience is reflected in
distinguishable age structures between occup-
ations. Proportionately lower proportions of
older men are found in such occupations as
pattern-making, electrician, miller and grinder.
These occupations tend to involve high per-

ceptual demands, or time stress.

There are six characteristic occupational age
structures, each showing a different relation-
ship between age and the relative representation

of workers.

Occupational age structures can be distinguished
in terms of showing either historical longitud-
inal change, or age-linked longitudinal change.
The majority of occupations are age-linked.
Those which are not, generally represent jobs
which involve a definite career structure or
training, and have an initially ‘'older' age

structure.

The following points arise from this review of research

and form the basis of the initial research:-

Does the incorporation of length of service as

well as age into occupational structures allow

for meaningful comparison?
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Of what practical use are occupational age/
service structures measured at the organisational
as opposed to national level? Do they conform

to findings shown for national structures?

Can organisational occupational age/service

structures be classified?
Do they show longitudinal change, and if so,
can this change be categorised as either hist-

orical or age-linked?

Is such change linked to the initial '"agedness"

of the structure, or is it due to other factors?

To what extent might such change be controllable

within organisations?
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2.1: INTRODUCTION TO STUDY ONE

The reéearch discussed in Chapter One clearly showed that
there are occupational differences in age structures at a
national level. However, it was apparent that local
labour market factors can cause geographical variation;
and there are some marked sex differences in age struct-
ures. Smith (1974) has detailed some of the major
personnel implications of age structures. If these
personnel implications are to have any validity fof

organisations, then it should first be demonstrated that

occupational differences in age structure exist not only
at a national level, but also within the personnel of an
organisation. The first study is designed to analyse age
structures at this organisational level, and specifically,
it will test for differences across occupations, geograph-

ical locations, and sex.

2.2: AGE STRUCTURE OF THE TOTAL ORGANISATION

The organisation under study is a large multi-national

company concerned with the production, and provision of
maintenance services for office equipment. The organis-

ation has over 12000 employees in the United Kingdom.

Data relating to pension scheme membership were gathered
at three sample time points - June 1978; May 1979; and
\January 1980. The age structures of the total organisation

as revealed by these data are shown overleaf in Table 2.1.
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Five-year age bands are used. The mean age of the organis-
ation is calculated, and it changed over the three time

points.

Much of the age data in this thesis are summarised by a
metric termed the Rate of Ageing Index (RAI). The RAI is
calculated as the difference in the mean ages for samples
year (x) and year (y), divided by the time difference
between (x) and (y) in years. This metric establishes a
ratio metric which describes either a positive or negative

rate of mean age change per year.

From the data in Table 2.1, the RAI for the total organis-
ation is +0.316 years per year (over the 1.58 year period
sampled). Whilst this figure is based on a very limited
time period, it illustrates that the organisation is age-
ing at a rate of one year in every three years that passe.
If occupational differences can be shown within the
organisation, then it is apparent that the personnel imp-
lications of age structures would have considerable

relevance in this ageing organisation.

2.3: DATA COLLECTION TO ESTABLISH A LARGE SAMPLE OF
EMPLOYEES FROM THE ORGANISATION

The first study tests three questions concerning the
émployees from the organisation; which are:-
l. Are there sex differences in age and length of

service?
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2. .Are there
length of
3. Are there

length of

geographical differences in age and
service?
occupational differences 1n age and

service?

A cross~sectional sampling methodology was employed to

establish the present age structure of employees. Data

were collected for

9090 of the 12587 employees in April

1980. The following was recorded for each individual:-

(1) age in

years (to the nearest whole integer)

(1i1) length of company service in years (to the

nearest whole integer)

(iii) Jjob title

(iv) sex

(v) geographical location.

The 9090 employees

studied represent a 72.22 per cent

sample. Data were unfortunately unobtainable for 3497

employees who worked either in the research establishment

or in small units spread over the United Kingdom. A check

to establish the mean age of those unsampled employees

can be made by inference. The mean age of the sample of

9090 employees in April 1980 was 36.03 years. By extra-

polation from the organisational mean age, the 3497

employees not sampled have an estimated mean age of

36.06 years. It is inferred from this that the mean age

of the sample 1s representative of the population mean

age (the total organisation).



2.4: OPERATIONALISATION OF INDEPENDENT VARIABLES FOR
OCCUPATION AND GEOGRAPHICAL LOCATION

2.4.1: National Occupational Classification

A suitable occupational classification is required for
the sample in order to test the third question. This
classification must allow for both generalisations to
previous research at the national level; and useful
psychological and personnel distinctions. The Office of
Population Censuses and Surveys Classification of
Occupations (Great Britain, 1980a) satisfies both of these
criteria. The system classifies occupational titles
based on the Classification of Occupations and Directory
of Occupational Titles (CODOT) into a two-factor frame-
work. The two factors are social class and socio-

economic group.

The social class categories were drawn from the 1911
Census, and consist of:-
I Professional, etc. occupations
II Intermediate occupations
IIT Skilled occupations
(N) Non-Manual
(M) Manual
IV Partly skilled occupations

V  Unskilled occupations.

The socio-economic groups are classified under twenty

sub-headings: -
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(1) Employers and managers in central and local
government, industry, commerce, etc. - large
establishments (N»25)

1.1 Employers in industry, commerce, etc.
iaz Managers in central and local government,
industry, commerce, etc.

(2) Employers and managers in industry, commerce,
etc. - small establishments (NX25)

2.1 Employers

2.2 Managers

(3) Professional workers - self-employed
(4) Professional workers - employees
(5) Intermediate non-manual workers

5.1 Ancillary workers and artists
5.2 Foremen and supervisors - non-manual
(6) Junior non-manual workers
(7) Personal service workers
(8). Foremen and supervisors - manual
(9) Skilled manual workers
(10) Semi-skilled manual workers
(11) Unskilled manual workers
(12) Own account workers
(13) Farmers - employers and managers
(14) Farmers - own account
(15) Agricultural workers.
(16) Members of armed forces

(17) Inadequately described occupations

The advantage of using this classificatory system is that
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information about the sample may be compared to the
spectrum of occupation within each social class/socio-
economic group sector sampled. Clearly, the two axes of
social class and socio-economic group are not independent,
and the vast majority of industrial occupations fall
within the 'Social Class III(M)/Socio-economic Group 9!
sector. Similarly, the majority of individuals work as
employees in non-agricultural or non-military organis-
ations, thereby restricting the range of socio-economic
groups to eleven, i.e. 1.2, 2.2, 4, 5.1, 5.2, 6, 7, 8, 9;

The job title recorded for each individual was recoded
into the appropriate occupational sector under this class-
ificatory system. Table 2.2 overleaf shows those sectors
covered by the sample under study. As the organisation
is a non-agricultural, non-military employer, only those
eleven previously-listed relevant socio-economic groups
are considered. The sampling frame covers seven of the
eleven possible socio-economic groups. Only professional
employees, non-manual supervisors, personal service
workers and unskilled manual workers are not represented.
The sample also covers four out of the six social
classes. Only professional and unskilled occupations are

not represented.

The majority of the sample are ancillary, non-manual,

junior non-manual, and skilled manual workers.
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2.4.2: Organisational occupational classification

The sample has been classified into seven social class/
socio-economic group.sectors of occupations under the
Census Classification of Occupations. This allows for
generalisation to national occupational age structures.

The sample is now further sub-divided into ten ""occupat-
ional functions'. These occupational functions incorp-
orate the organisational role performed by each individual,
thereby adding the psychological and personnel validity
which has been specified as necessary for the study.
Appendix 1 contains a list of all job titles within each

of the ten occupational functions.

Table 2.3 below shows the ten occupational functions, the
parent social class/socio—économic group sector; and the

final sample sizes for each occupational function.

Occupational Function Paren? Qensgs %gmple
Classification Size
- Higher Management 1.2 IT 265
Middle Management 2.2 II 542
Lower Management 2.2 II 464
Supervisory/Line Management 8 III(M) 464
Skilled Manual 9 III(M) 2011
Semi-Skilled Manual 10 1V 86
Technical 5.1 II 2307
Clerical 6 III(Nm) 1716
Sales Management 1.2 I1 333
Sales Executives/Trainees 6 III(Nm) 302

TABLE 2.3: ORGANISATIONAL CLASSIFICATION OF THE SAMPLE
INTO TEN OCCUPATIONAL FUNCTIONS

From Table 2.3, it can be seen that for four of the seven
initial Census sectors, all the employees within that
‘sector in fact performed just one occupational function
within the ‘organisation, e.g. all employees within sector
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5.1 Il performed a technical function. However, three of
the Census sectors contained employees performing two
discrete functions. For example, employees in sector

1.2 I1 were either performing high general management, or
performing sales management. On the basis of personnel
discussions within the organisation, it was decided that
the nature of these functions was sufficiently different
to justify the division of this census sector into two
functions. Similarly, sector 6 ITI(Nm) was divided into
the two discrete functions of clerical employees, and

sales executives/trainees. Finally, sector 2.2 II was

divided into two intermediate levels of management -
middle and lower. This was done according to the indiv-
idual's job grade which, within the organisation, is used

to categorise lower and middle management.
The ten occupational functions used to classify the sample
fall into a clear organisational hierarchy. This is

shown overleaf in Figure 2.1.

2.4.3: Geographical location

At a national level, occupational age structures can be

influenced by local labour market factors such as the

distribution of occupational skillsy unemployment rate,
’and population age~structﬁre. Such factors clearly bear
upon organisations, and an operationalisation of geograph-
ical location is needed in order to test the second quest-
ion. The location of workplace was used to classify the
sample into nine geographical locations. These locations
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50



are i1llustrated in Figure 2.2 overleaf. The choice of
areas was bound by operational regions within the organis-
ation, but the classification in fact matches that emp-
loyed by the Central Statistical Office (Great Britain,

1980b) .

2.5: SEX DIFFERENCES IN AGE AND LENGTH OF SERVICE WITHIN
OCCUPATIONAL FUNCTIONS

2.5.1: Relationship between age and length of service

In this analysis, age and length of company service are
treated as two dependeﬁt variables. Previous research
has shown that, in reality, the two are invariably
related. For example, O. Boyle (1969) reported a median
correlation of +0.989 for men and +0.932 for women. The
degree of association between age and service in the ten
sample occupational functions was tested using two-tailed
Pearson Product Moment Correlations. An alpha level of
one per cent was adopted, and the results are detailed

in Table 2.4 overleaf.

The correlations between age and length of service are
significant for all ten occupational functions. They
range between +0.3184 to +0.6488 with a median correlation
of +0.5663. This median accounts for 32.07 per cent of
the variance between age and service. It is therefore
considered that subsequent analysis of the occupational
functions‘should appreciate that age and length of serv-

ice are related, but that there is sufficiently high
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unshared variance (median of 67.93 per cent) to necess-

itate the use of both variables as controls.

2.5.2: Sex differences in the frequency of individuals
in one-year age and service bands

The frequency of males versus females within each one-
year age or service band was tested using Chi-Squared
Tests of Significant Differences as applied by the

S.P.S.S. Version 5 Package. The results are shown in

Table 2.4.0verleaf.

To aid interpretation of the results, seventeen descrip-
tive statistics were calculated for each of the ten
occupational functions. The seventeen descriptive meas-
ufes are:-
(1) mean age of the total sample
(11) standard deviation of age
(iii) age range in years
(iv) mean service of total sample
(v) standard deviation of service
(vi) service range in years
(vii) percentage of workforce - male
(viii) mean age of male employees
(ix) standard deviation of age of male employees
(x) mean service of male employees
(xi) standard deviation of service of male
employees
(xii) percentage of workforce - female

(xiii) mean age of female employees
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TABLE 2.4: RESULTS OF STATISTICAL TESTS FOR AGE AND
SERVICE DIFFERENCES BETWEEN MALES AND FEMALES WITHIN
OCCUPATIONAL .FUNCTIONS
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(xiv) standard deviation of age of female
employees |
(xv) mean service of female employees
(xvi) standard deviation of service of female
employees
(xvii) sample size of occupational function
These data are presented in Table 2.5. In this table,
occupational functions are ordered by their mean age, and
split into two groups of above average organisation age,

and below average organisation agee.

The majérity of the sample are male (78 per cent), and
women only outnumber males in the clerical occupational
function. The observed sex differences in age and service
distribution (see Table 2.4) fall into five patterns which

are detailed in Table 2.6 overleaf.

Women are only older, on average, than men in.the super-
visory and skilled manual -occupational functions,

although they have lower service. 1In all other functions,
the men are older than the women, or there are no differ-
ences. Differences in the career pattern become apparent.
For example, in the higher and middle management grades,
there are no differences in the average length of company
service between men and women, although the men are older.
This suggests that women enter these management grades
(from lower management mainly) at a younger age than do

the men. The function from which they come - lower
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management - has a slightly different pattern.

men have higher mean service as well as age.

Here the

Women have

generally not been members of the lower management

function for as long as men - and this likely accounts

for their younger mean age.

Pattern Description of Pattern gccupgtlonal
Number Functions
1. Males with higher age Lower Management
and higher service Technical
Sales tlanagement
2. Males with higher age Higher Management
and no difference in Middle Management]
service
3. Males with lower age and Supervisory (Line
higher service Management)
Skilled Manual
4, Males with higher age Clerical
and lower service
5. No differences between Sales Executives
age and service and Trainees
TABLE 2.6: FIVE PATTERNS OF AGE AND SERVICE DIFFERENCES

BETWEEN MALES AND FEMALES WITHIN OCCUPATFONAL FUNCTIONS

It can be concluded that there are sex differences in

both the distribution of age and service, and that these

differences form five discrete patternse.

patterns of sex differences,

From these

it is inferred that there

are probably sex differences in career paths and recruite-
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ment patterns, and these are the main causes of the age

and service differences.

2.6: GEOGRAPHICAL DIFFERENCES IN AGE AND SEX

2.6.,1: Statistical methodology employed

The distinction between the nine geographical regions

has been drawn in Section 2.4.3. An Analysis of Variance
framework was used to test for geographical differences.
There were three aspects of the analysis:-

1. To test if there was an overall effect for
geographical regions, ten One-Way Analyses of
Variance Between Subjects Designs (Winer, 1971)
with age as the dependent variable, and a
further ten with service as the dependent vari-

- able were calculated. The number of levels for
the independent variables (number of regions)
depended on the number of geographical locations
in which employees in the occupational function
operated. Since twenty tests were employed, an
alpha level of p<.01 was adopted.

2. In contrast to the significance level associated
with the F Tests, a statement can be made about
the actual Sfrength of Effect which is observed,
or what Keppel (1973) defines as the "proportion
of total variability in the data set accounted
for by the independent variable". The design
employed is a Randomised Group, and the Strength
of Effect (w2) was calculated for each of the
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twenty F Tests using Keppel's (1973) formula.

3. A significant ANOVA shows that differences exist
across the independent variable, but does not
isolate at which levels of the independent vari-
able those differences exist. Such statements
can be made by using a Multiple Comparison of
the Means (M.C.M.). The unequal sample size in
each level requires that Scheffe's Method for
M.C.M.s be used, and the M.C.M.s are only calcul-
ated for those analyses of variance which show
significant geographical location effects. The
statistical detail for this anaiysis ( summary
analysis of variance tables and summary M.C.M.
tables for the twenty tests) are detailed in

Appendix 2.

2.6.2: Discussion of the effects of geographical region
upon age and service for the sample

Table 2.7 overleaf shows the F values, associated degrees
of freedom, and levels of significance obtained in the

twenty One-Way ANOVAs. The results are mixed. There are

significant age and service differences between regions

in the higher management, technical and clerical occup-
ational functions. Significant differences for age alone
are found in the skilled manual function. Significant
_service differences are found in the supervisory function.
OThe actual means, number of cases, and associated strength
ﬂof effects are detailed in Table 2.8 (for age data) and

Table 2.9 (for service data).
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The overall ranks associated with the age data for both
the total sample, and individual functions are contained
in Table 2.10. Over three-quarters of the sample are
drawn from the two regions of South West England and
London and the South East (49.40 per cent and 30.08 per
cent respectively). The remaining regions contain relat-
ively small proportions of the sample, with North East
England (0.89 per cent) and Scotland (0.84 per cent)
being very poorly represented. Over the whole sample,
North East England, South West England aﬁd East England
represent the older regions; whilst Scotland, the
Midlands, and London and the South East are the youngest
regions. A Spearman's. Rho Correlation Coefficient between

the regional rank orders for age and service for the whole

sample (columns 2 and 3 in Table 2.10) was calculated.
A correlation of +0.6417 (p<.001) was obtained suggesting
that those geographical differgnces in age and service

detailed in Table 2.7 are linked.

The'seéond set of data in Table 2.10 (columns 4 to 13)

shows the order of»geographicai/tegiggs (ranked by mean

age) within each of the ten occupational functions. The

rank order of regionali&@éf

'ft‘écﬁgfént across the

Occupational functions, suggesting an interaction between

: ‘5g.:jihis possible

regional age and occupatiéééi?é‘ﬁgf
interaction can be revealedJéféh;éﬁféﬁaiysis of the

M-¢~Mss established f@f the ten occupational functions.
?hé'détaiied fihaih§é of the M.C.M. analyses are given

in Table 2.11 overleaf. : _'ig*“;
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AGE OR REGION( S) REGION( S)
FUNCTION SERVICE ['HIGHER THANY'LOWER THAN'
Age Scuth West London &
South East
| HIGHER
é MANAGEMENT
Service South West London &
South East
Age South West London &
South East
CLERICAL
Service South West (Midlands
(Wales
(London &
. (South East
T
Age South West (North Eng-
(land
. (South East
Service (Midlands

(East/Northi

(North—vest

Age
SUPERVISOR ;
. ) | (London &
Service iSouth West (South Easﬁ
(East |
Age ;EEast South West
SKILLED
MANUAL
Service

TABLE 2.11:

STIGNIFICANT RESULTS FROM M.C.M. ANALYSES

FOR REGIONAL DIFFERENCES WITHIN OCCUPATIONAL
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Seven out of the eight significant differences estab-

lished show that the mixed regional differences in age

and service shown in Table 2.7 may be reduced to one
essential difference. The South West as a region contains
employees in certain occupAtions with significantly

higher age or service than those employees working in

the same occupations in other regions (notably London

and the South East). This one specific regional differ-
ence is most probably due to the existence of the
Manufacturing Plant in this location. 94.88 per cent of
all employees in the South West are located at this plant.
bnlike all other locations across the United Kingdom which
come under the control of a central Operating Company,
with inherent mobility between them, the Manufacturing
Plant is autonomous, recruiting its own staff and having
remarkably little transfer of staff to and from the
Operating Company. The observed regional differences in
the occupational age struétures are due solely to local

market factors affecting the Manufacturing Plant.

2.7: DIFFERENCES BEIWEEN THE AGE/SERVICE STRUCTURES OF
THE TEN ORGANISATIONAL LEVEL OCCUPATIONAL FUNCTIONS

The aim of the first study is to analyse occupaticnal age
structures at the organisational level, establishing
differences due to sex, geographical location ahd occupat-
ional function. A 72.22 per cent cross-sectional sample
has been shown to be representative (in terms of age data)

of the total company population (Section 2.3.2). The
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sample itself has been shown to cover a range of occupat-

ions within a representative national framework of social
class and socio-economic group sectors (Section 2.4.1),
and has been subdivided into ten occupational functions
based upon- the superimposition of specific organisational
roles on to the national sectors,prgvicusly described -in
Section 2.4.2. Within these occupational functions,
clear sex differences between age and service have been
shown (Section 2.5). Geographical variation in age and
service has also been established (Section 2.6.2), but
has been isolated to local labour market forces and
practiceé surrounding the Manufacturing Plant in the
South West of England. Tﬁe;third question of differences
in age and service betﬁeen/occupational functions is now

examined.

A biégrapﬁical anéi?éié of égé'and/service within the ten
occupational functions has Alfeédy4been carried out (see
Section 2.5; Table 2.5)e‘ Iﬁ this analysis, the functiéns
wefé\paftifiohéd'inté above and below company\mean age
groups. From this table, it can be seen that the super-
VisSory, higher manageéénf;uékiiied manual and middle

management functiéhé"epresént the older occupational

\pafional functions within the company. The

oncupational function mean es range from 31.34 years



to 43.25 years, and the Spearman's Rho Correlation Coeff-

iclient between the mean age and mean service of the ten

occupational functions is +0.9273 (p<.001).

In order to test for significant differences between the
occupational age/service structures, a measure has to be
devised to represent these structures. Two measures are
used, the first for statistical analysis, and the second

for graphical drawing of the shape.

2.7.1: The measure used to test for statistical
differences in occupational age/service structures

It has been previously stated that, in analysing the
occupational age/service structures (henceforth referred
to as OA/S structures because of extensive use), the
effecﬁs of both age and service shall be considered.

The frequency of individuals within a series of age and
service bands was recorded for each occupational function.
The most appropriate range for these service bands is
always a matter for debate, and differs considerably
across the literature (Smith, 1974). Too large ranges
reduce the amount of information which may be of use,

and too small ranges may obscure what would otherwise be
clear trends in the data. It was decided to use five-
yvear age bands for both age and service since sample
sizes were high enough to provide sufficient numbers of
data within such a range to make statistical analysis
appropriate. /A two-dimensional matrix with ten age bands

was drawn (see Figure 2.3) with the appropriate age and
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service values. The fifth service band of 20+ years was
used to record the small number of individuals with such
high service. It can be seen from Figure 2.3 that there
are in fact only forty age/service cells in which data
may exist since it is impossible for someone, for example,
who is 30 years old to have more than 15 years of service
(the company does not recruit below the age of 16 years) .
Having obtained the frequency in each of the forty poss-
ible age/service cells, it is divided by the total sample

size resulting in a probability or percentage. The sum

of these percentages will equal 100 per cent for all ten
occupational functions thereby reducing the confounding
effect of elevation upon the;OA/S structures. All that
differs between the OA/S strucfurés is the relative
magnitude within each cell (representing a commensurate
measurement wifh a hypothetical limit/of 100). Such
changes represent essential differences in shape and can

be protrayed graphically.

27421 Graghidalvillusg;ation_of the;occupational age/
service structures

The OA/S structures are thrégédiménsional, varying along
the dimensions of age, servieérand:magnitude within each
age/service cell. This is illgétrated in Figure 2.4
overleaf. The base area (age andfsgrvicé dimenéions)
has been divided into eight diagnostic regions which are
detailed in Figure 2.4. What varies between OA/S struc-

tures using the measure detailed in Section 2.7.1 is the

;e\héight,wiﬁhin,these eight age/service regions.
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To display the 0A/S structures, a graphical computer

program using the GINO Graphics Library at Aston Univer-
sity was written. The graphs drawn plot single year age
and service bands so that complete detail may be seen.

The relevant data for the ten occupational functions is

now described.

2.7.3: The occupational age/service structures for the
ten occupational functions

Data for the ten occupational functions under study are
contained in Appendix 3 and shown in two formats. The
first is a table detailing the frequeﬁcy and percentage
within the forty age/service cells (Tables 'a' to 1),
and the second is the three-dimensional graphical repres-
entation of each occupational function using the GINO
drawings (Figures 'a' to 'e'). The tablesvalso order

the eight diagnostic regions in order of magnitude.

A brief study of the data presented in Appendix 3 leads
to two éonclusions:—

1. There are differences in shape between occupat-

ional functions.

2. These differences; however, do seem to pattern.
Two exémples may be given to illustrate these points.
The clerical/commercial function-(Table ‘h'y Figure 'd’')
markedly differs in shape from the supervisory function
(Table 'd'; Figure 'b'). The diagnostic orders of the
age/service regions are ABCFEDHG versus EABFCDHG

respectively. The clerical function consists of a very
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large (64.88 per cent) low age, low service sector

compared to a quota of only 20.04 per cent in the super-
visory function. Similarly, the medium age, medium
service sectors differ markedly, with quotas of 3.73 per
cent and 22.63 per cent respectively for the clerical

and supervisory functions.

Similarities between functions, however, do appear to
exist. For example, the three management functions all
have diagnostic orders beginning with AEB; with F and D

as either fourth or fifth order; with C and G as either
sixth or seventh order; and ending with H. Equally, the
sales management and sales executive and trainee functions
have a nearly identical diagnostic order, with only the
fifth and sixth characters being reversed. Such evidence
suggests that the third hypothesis of occupational differ-
ences in the age/service structures whould be supplemented
by a fourth - that of establishing a statistical pattern

within the OA/S structures.

2.7.4: Statistical test for significant differences
between occupational age/service structures

A Chi-Squares Test for Significant Differences (Siegel,
1956) with forty rows (the forty age/service cells
detailed in Figure 2.3) and ten columns (the ten occupat-
ional functions) was calculated using the data presented
in Appendix 3. AwKz of 2985.71 (df=351, p<.001) resulted
showing that the noted differences between the OA/S

-structures are significant. The final hypothesis of
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patterning within these differences 1s now considered.

2.8: OCCUPATIONAL PATTERNING OF AGE/SERVICE STRUCTURES

It was concluded towards the end of Section 2.7.3 that,
although the OA/S structures clearly differ, there are
patterns or groups of OA/S structures. It would be
useful to classify the ten sampled OA/S structures into
a series of groups within which the structures resemble
each other more that they do those in other groups.
There are two main statistical techniques which can
reduce large sets of data into such "archetypal groups“.
These are Factor Analysis and the Cluster Analysis
techniques. Cluster analysis was chosen because: -

1. The non-parametric nature of the frequency data
would violate the statistical assumptions
inherent in factor analysis, which really
requires data of at least interval level.
Cluster analysis can be performed on ordinal

data.

2. Cluster analysis allows for an hierarchical
combination of members such that statements
about relative similarity can be made at differ-

ent levels of an hierarchy.

Ward and Hook (1963) explain the purpose of cluster
analysis as grouping "large numbers of persons, jobs or
objects into smaller numbers of mutually exclusive

classes in which the members have similar characteristics®.,
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It is essentially a technique to reduce data, whilst at
the same time, increasing the information it represents
by providing a classificatory framework over it. There
is, however, a vast variety of clustering techniques
(Bijnen, 19733 Everitt, 1974) and three aspects of the
analysis need to be detailed. These are:-

(1) The measure of similarity used

(ii) The type of clustering to be used

(iii) The criterion for clusters.

2.8.1: Spearman Rho Correlations between the ‘ten
occupational functions as a measure of similarity

The UACLUSTAN statistical package was used to perform the
cluster analysis, and a Spearman's Rho Correlation Matrix
was used as the measure of similarity. The correlation
matrix is included overleaf in Table 2.12. It can be
seen that the majority of the correlations are signif-
icant (a criterion of p<.001 has been imposed due to the
large number of tests performed), suggesting that an
hierarchical combination of the ten OA/S structures in
terms of their relative similarity is justified. For
example, at a glance it can be seen that higher manage -
ment is related to all other management functions and

the technical function, but nothing else. The clerical
function relates to the two manual support functions
(skilled and semi-skilled), and to lower management and
sales executives, but not to others. A similar matrix

to this is used in the cluster analysis. It differs in

that the data set are standardised to counter for any
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elevation effects.

2.8.2: Hierarchical clustering by the Furthest Neighbour

technique

All agglomerative hierarchical techniques of data combin-

ation ultimately reduce the data to a single cluster
containing all the original sambles, and consequently
great importance is attached to the decision providing
the criteria to stop combination. The basic procedure
of all agglomerative techniques is similar. They begin
by computing a similarity or distance matrix (for this
analysis, the correlation matrix from Section 2.8.2)
between samples (or entities). The end product is the
production of a dendogram showing the successive fusions
of entities, culminating at the stage where all entities
are in one group. At any particular stage, all methods
fuse entities or groups of entities which are closest
(or most similar). Differences between methods arise
because of different ways of defining distance (or simi-
larity) between an entity and a group containing several

entities, or between .two groups of entities.

The Furthest Neighbour method of clustering was used in
the analysis. The following hypothetical example illust-
rates how members or entities are clustered. Table 2.13
shows a hypothetical correlation matrix between five
members. Groups initially consisting of single members
are fused according to the least 'distance! between their

furthest member (i.e. the highest correlation). Each
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fusion decreases by one the number of groups. In the

example given, members 2 and 5 would be fused first since

0.92 is the highest correlation.

1 2 3 4 5
1 1.00 0.51 0.83 0.67 0.21
2 0.51 1.00 0.65 Oe34 . 0.92
S1 3 0.83 0.65 1.00 0.82 0.22
4 0.67 0.34 0.82 1.00 .12
5 .21 0.92 C.22 0.12 1.00

TABLE 2.13: HYPOTHETICAL CORRELATION SIMILARITY MATRIX
AT LEVEL ONE TO ILLUSTRATE FURTHEST NEIGHBOUR CLUSTERING

The similarity between this new group or member (2+53),

and the three other groups (1, 3 and 4) are shown in

Table 2.14. For the Furthest Neighbour method, similarity
(2+5, 3) would become 0.22, which, from Table 2.13 can

be seen to be the smallest similarity (furthest neighbour)
of the original 2 to 3 (0.65) and 5 to 3 (0.22) compar-

isons.

1 2+5 3 4
1 1.00 .21 0.83 C.67
2+5 (0.21 1.00 0.22 0.12
S2
-3 0.83 0.22 1.00 0.82
4 0.67 0.12 0.82 1.00

TABLE 2.14: HYPOTHETICAL CORRELATION SIMILARITY MATRIX
AT LEVEL TWO TO TILLUSTRATE FURTHEST NEIGHBOUR CLUSTERING
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The next fusion would join members 1 and 3 since 0.83

shows the greatest similarity at level two. The process
could continue until all members were successively fused
into one group. The next section describes the criterion

used to end the clustering process.

2.83.3: Criterion for number of clusters and statistical
detail

The Furthest Neighbour method of hierarchical clustering
has been chosen to fuse the OA/S structures for the ten
functions. The structures will be successively fused

until all belong to cne cluster - making a total of nine

fusions. Each successive fusion accurs at a point where
increasingly dissimilar clusters are being combined. A
coefficient of similarity is calculated which has a value
of +1.0 when cluster memberé are identical (each contain-
ing only one age structﬁre in this analysis), with
smaller values representing increased dissimilarity.
Clearly, fusion will continue until the ten OA/S struct-

ures have been reduced to one, so a criterion for the

most appropriate number of clusters is required. In
other words, a decision has to be made as to the point
at which to stop 'forcing' combinations. Such a
Criterion is, by the very nature of the statistical
technique, and by the purpose for which it is being used
(for mere classification as opposed to quantitative
interpretation) arbitrary. Nevertheless, a sensible
limit to the degree of fusion may be established from

the calculated coefficients of similarity, which are
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presented in Table 2.15. Each successive fusion is at

a point of decreasing similarity, and as a consequence,
fusion is stopped before the point which would create

the greatest change in similarity once fusion has begun.

Number of

resul tant Coefficient Change in End point
clusters of similarity similarity of fusion
(10) (1.0000)
S 0.5985
8 0.4771 0.1214
7 0.3836 0.0935
6 0.2372 0.1464
5 0.1968 0.0404
4 0.1473 0.0496
3 -0.2005 *0.3478
2 -0.4091 0.2013
1 ~0.5714 0.1696

* denotes largest change in similarity

TABLE 2.15: ~COEFFICIENTS OF SIMILARITY DERIVED FROM
FURTHEST NEIGHBOUR FUSION OF THE TEN OA/S STRUCTURES

It can be seen from Table 2.15 that the largest change

in similarity would be caused by the creation of only
three clusters from the point where there are four. This
fusion is stopped, and the gut off occurs when there are
four clusters. The dendogram showing the successive
fusions and cluster members is illustrated in Figure 2.5

overleaf.
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2.8.4: Description of the four clusters of organisational
level OA/S structures

The four clusters produced by the Furthest Neighbour
method of combination can be ordered in terms of the
coefficient of similarity of cluster members. The four
clusters are described in this order, and Table 2.16
shows the cluster numbers, their coefficients of similar-
ity, the constituent occupational functions (classified
according to the framework shown in Table 2.3), and the
name given to the clusters. To facilitate interpretation,
the constituent occupational functions for each cluster
were combined, and the combined OA/S structure calculated
and graphically drawn as described in Section 2.7.2. The
four cluster OA/S structures are displayed in Figures 2.6

and 2.7 .

Cluster One is called the 'Sales' cluster since it
contains both the sales-related functions which are non-
manual, and cover social classes II and III. Figure 2.6
shows that the vast majority fall in the low age, low
service region of the OA/S structure. There is also a
fair proportion in the medium age, medium service region,
and a notable absence of any high service or high age

individuals.

Cluster Two, named 'Lower Skilled Support' contains both
the manual support skilled and semi-skilled functions,
and the non-mannal clerical support function. 98.78 per

cent of the individuals are social class IIT, and the
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Coeffic=- Occup~
Clustey ient of Member OA/S ational Cluster
Number (Similarity Structures Classif- Name
of Members ications

1 0.5985 | Sales Manage-
ment '

Sales Execut-
| ive & Trainee

2 0.2372 | Clerical 6 III Nm Lower

! Skilled
‘Skilled Manual|9 IIIM Support
: | Semi-Skilled |10 IV M
Manual
i
3 0.1968 |Lower Manage- [2.2 II Nm Skilled
ment Support
Technical 5.2 IIM
i
4 0.1473 |Higher Manage-|1.2 II Nm Management
ment
Middle Manage-|2.2 II Nm
ment
Supervisory 8 IIIM
- iLineManagement)

TABLE 2.16: DESCRIPTION OF THE FOUR CLUSTERS WITH
MEMBER DETAILS
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CLUSTER THREE: SKILLED SUPPORT 1980
OCCUPATIONAL AGE/SERVICE STRUCTURE

Sample Size:2771
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lower socio-economic groups of 6, 9 and 10 are represent-
ed. Figure 2.0 shows that, whilst there are very few
high service individuals, the high age, low service and
high age, medium service regions are represented. The

nodal region is, once more, low age, low service.

Cluster Three is termed 'Skilled Support' since members
cover socio-economic groups 2.2 and 5.2 suggesting a
higher skill level than the previous cluster. Constit-
uent functions are technical and lower management, bothl
drawn from social class II. Figure 2.7 shows a fairly
restricted range of age/service regions. The magnitude
of the low age, low service region is not as large as the
previous two clusters. There are very few high age or
high service. individuals, and the low age, medium service

region is large compared to Clusters One and Two.

Finally, Cluster Four has been named the 'Management'
cluster since it contains three out éf the four manage-~
ment functions (higher, middle and supervisory). Figure
2.7 shows that the dominance of the low age, low service
region seen in other clusters has disappeared. There is,
conversely, a fair number of high service as well as high

age individuals. This is undoubtedly the oldest function.

An interpretafion of the four clusters or patterns of
OA/S structures is difficult and has not been tested.
However, it appears that the OA/S structures at the
Organisational level group not around job.content factors
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specifically, but rather around the organisational hier-
archy (which has an implicit career structure). The
similarity between the four cluster members, and sect-

ions of the organisational hierarchy can be seen by

referring to Figure 2.1.

2.9: CONCLUSIONS TO CHAPTER TWO

The following six major findings and conclusions have

been made from Chapter Two:-

1. Whilst age and length of service show positive
correlations from +0.3814 to +0.6488 across the
ten occupational functions, the two variables
are deemed to exhibit sufficient unexplained
variance to justify their continued spearate

——

usee.

2. There are clear sex differences in the age and
service of occupational functions. In the top
management functions, men are generally older,
but have the same length of service. This
suggests that those few women who are promoted
into upper management levels, are done so at a
younger age than men. Other patterns are
observed for different occupatiocnal functions
.0 in skilled manual and supervisory work,

women are older but have lower service.
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Geographical variation exists within occupat-
ional functions. All variation, however,
revolves around employees in the South West of
England, who are usually older than similar
employees in London and the South East, or the
North of England. 95 per cent of all employees
in the South West of England are based within
the organisation's manufacturing plant. Local
labour market conditions relating to this
manufacturing plant are concluded as accounting
for the geographical variation in age and

service.

Wide differences exist between the age and
service of occupational functions. Supervisory,
higher management, skilled manual and middle
management represent the oldest functions.

Sales executives and trainees, clerical and
sales management represent the youngest

functionse.

A measure of the occupational age/service
structure is developed which calculates the
praportion of the total workforce within 40
age/service bands. Five-year intervals are
used for the age service bands. Rank correl-
ations between the ten occupational functions

showed that, whilst the structures are
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significantly different, there are some marked
similarities in the essential shape of the

age/service structures.

A cluster analysis was performed to group the
ten occupational functions into 'parent families!
according to the relative similarity of the age/
service structures. Four such 'parent families'
were established. These are:-

(i) Sales Cluster - which contains sales-
related occupational functions which are
non-manual. The vast majority of
employees fall into the low age and low
service regions of the 0A/S structure.

(ii) Lower Skilled Support Cluster - which
contains both skilled and semi-skilled
manual functions, and the non-manual
clerical function. All Qerform support
activities. This cluster also has mainly
low age and low service but other areas
are clearly represented.

(iii) Skilled Support Cluster - which contains
the technical and lower management
functions, both of which offer skilled
‘support.to the central management group.
This cluster of occupations is character-
ised by covering a fairly restricted
range of age/service regions. The magni-

tude of the low age, low service region
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iv

is not as marked as in the previous two
clusters.

Management Cluster - which contains three
of the four management functions. This
cluster of occupations is characterised
by a fair proportion of high sérvice as

well as high age individuals.
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3.1: INTRODUCTION TO THE HISTORICAL STUDY OF AGEING

The first study demonstrated that there are occupational
differences in the age and service of employees, and sex
differences within these occupations when measured at

the organisational level. These findings are generally

in line with research findings conducted on national
occupational age structures. Previous research has

shown that occupational age structures are not necessarily
stable, and can change over time (smith, 1973). Indeed,

a preliminary analysis conducted in Section 2,2 showed
that the organisation under study is ageing at a rate of

roughly one year in every three that pass.

The second study is designed to answer the following
three questions:=-
1. Are there longitudinal changes in OA/S
structures which exist within the organisation?
2. Is there differential longitudinal change
between occupations?
3. What mechanisms are responsible for longitudinal
change in age structures at the organisational

level?

3.2: SELECTION OF A SAMPLE OF OCCUPATIONAL AGE/SERVICE
STRUCTURES WITHIN THE ORGANISATION

Data have already been gathered for 9090 employees within

a large organisation during April 1980. A suitable data-
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base which can be used to study age structures historic-

ally needs to be selected. There is a series of
criteria which this database must satisfy:-
1. Local labour market forces and demographic
factors can exert considerable influence upon
the age structure of a workforce. Section 2.6.1
in the previous chapter showed that the vast
majority of geographical variation established
in the organisational OA/S structures surrounded
the manufacturing plant in the South West of
England. Employees in most occupations at the
manufacturing plant had longer service and
higher age than similar employees in other
locations around the country. By selecting
employees based in the manufacturing plant only,
some control will be exerted over local labour
market and demcgraphic factors.
2. Clear differences have been shown between occup-
ations in terms of their age/service structure.

These differences, in fact, can be classified

into four 'parent groups' or clusters. The
sample should cover as large a spectrum of these

clusters as possible.

Six of the original ten occupational functions defined

in Section 2.4.2 of the previous chapter are represented
within the manufacturing plant. During April 1980, there
were 4295 employees based in the manufacturing plant.

Tﬁis represents 45.04 per cent of the total organisational
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OCCUPATIONAL = [ sam % OF MEAN
FUNCTION E? POPULATION SERVICE |
HIGHER . y
MANAGEMENT 1_]_7 J_OO eo% 41 096 12016
MIDDLE » .
| avacewsnr 130 33.3% 39.00 10.38
| SKILLED MANUAL i 374 20.0% 39.29 8 .50
§  TECHNICAL 201 33.3% 37.96 10.67
.
L
SUPERVI SORY 115 33.3% 43.84 12.04 |
: ?
| CLERICAL 186 20.0% 34.63 6.25

TABLE 3.1: DESCRIPTIVE DATA FOR THE SIX OCCUPATIONAL
FUNCTIONS WITHIN THE MANUFACTURING PLANT

sample studied in the previous chapter, and only the Sales
Cluster is not represented. Table 3.1 above summarises
the six occupational age/service structures drawn from the

manufacturing plant.

3.3: METHODOLOGY FOR HISTORICAL STUDY

3.3.1: Retrospective framework

Within the limited time framework of this research, it
would be impractical to start a longitudinal study of
occupational age/service structures. A commonly used
alternative to a longitudinal study is to impose a quasi-

experimental design over retrospective data. Data were
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available in the personnel department of the manufacturing
plant which allowed for a backdating of the OA/S structures

over a period of six years (to April 1974).. Fortunately,

there were no major organisational changes over this

period which altered the job classification.

3.3.2: The backdating of 0OA/S structures

Data were collated in the personnel department which
recorded every individual who either left or Joined a
workforce. These data are called Manpower Movement Data,
and record:=-

1. the age of the individual;

2. length of service with the organisation (not job
service);

3. the reason for leaving;

4. the job title.

Unfortunately, the sex of individuals was not recorded.

For each year - by adding all leavers, and subtracting
all recruitees from the present workforce, and by sub-
tracting one year from the age and length of service of
those who did not move - the OA/S structure of the work-
force can be backdated to its previous state one calendar
Vear before. In essence, all movements into and out of
the workforce are put into reverse, and a sample taken
each calendar year that passes. This process was carried
out on each of the six occupational functions sampled at

the manufacturing plant over six calendar year periods.
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3.3.3: Five tvpes of Manpower Movement

The discussion of the link between age and various with-
drawal behaviours in Chapter One showed that the relation-
ship is different depending upon the type of withdrawal
behaviour. Five separate types of manpower movement were
recorded: -

1. Recruitment

2. Voluntary Turnover

3. Early Retirement

4, Voluntary Redundancy

5. Compulsory Redundancy
The constituent reasons for leaving within these five
categories of manpower movement are listed in Appendix 4.
The age and length of service for all movers, along with
the type of manpower movement made and occupational func-
tion to which it relates, was recorded. The utility of
recording the manpower movements will become apparent

later.

3.3.4: The diagnosis of ageing within occupational
functions: Smith's (1973) Hypothesis A and
Hypothesis H .

The first aim of the study is to establish whether or not
there was any longitudinal change in the occupational
functions. In order to study such change, each occupat-
ional function was sampled in April of each year. Data
éxist, then, for seven points in April of each year from
1974 to 1QSC inclusive. The measure taken was the same
as that described in Sections 2.7.1 and 2.7.2 in the

Previous chapter; As in the previous chapter, three-
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% % OF WORKFORCE
4
£ ¥

B

(16-65 YEARS)

LENGTH OF COMPANY

SERVICE (1-40 YEARS)

FIGURE 3.1: ILLUSTRATION OF PURE AGEING AS REPRESENTED
ON_COMPUTER-DRAWN DIAGRAMS

dimensional computer diagrams of the occupational age/
service structures were drawn. Two diagrams are produced
for each occupational function - one for April 1974 and

the other for April 1980.

In the absence of all other factors, each year that passes
would see a workforce age by one year, and increase in
service by one year. Figure 3.1 above illustrates how

this 'pure' ageing would appear on the computer diagrams.
The right-angled feature in the centre of the diagram

can be seen to move in the general direction of the viewer.
Such a movement would occur when the centre spot of the
right-angle is plotted at successive points with an
additional year of age and service. If any feature

Within the six sampled OA/S structures is ageing in such
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an unrestricted fashion, then it will follow this

direction across the floor of the diagram.

In the absence of any age-related factors, this form of
unrestricted ageing Would be observed. It relates to
Smith's (1973) Hypothesis H, where the shape and movement
of the age structure is purely historical. If, however,
the age structure does not change in this fashion, but
rather maintains its shape and does not move, then the
change relates to Smith's Hypothesis A. For an occupat-

ional age/service structure not to age over time, the

manpower movements would be age-linked. The older indive
iduals would leave the workforce, compensated by an
inflow of younger recruits. To the extent that such age-
linked manpower movements can be attributed to an age-
performance effect, the following characteristics would
be inferred from the observed rate of ageing index or RAI
(see Section 2.2 in the previous chapter). Theoretically,
a RAI of +1.0 would be observed if no-one ever left or
entered the workforce. The closer the observed RAI is to
+1.0, the greater likelihood there is that ageing is due
merely to historical factors, according to Smith's (1973)
Hypothesis H. Of course, it is possible to achieve a RAT
of greater than +1.0, if, for example, all leavers were
of below average age, and all recruits were of above
average age. The opposite theoretical state is a RAI of
0.0. This would be achieved if the occupational age/
service structure never altered over time, in which case

Smith's Hypothesis A would be inferred to apply to the
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workforce. Once more, it is possible to achieve a
negative RAI, where the workforce actually gets younger.
This would be seen where there was very high attrition
and recruitment in a workforce which was used to drastic-

ally alter the age structure.

Practically, it would not be expected that the whole of
an occupational age/service structure would be influenced
by only one of Smith's (1973) hypotheses. If, for
example, there was significant encouragement for indiv-
iduals to withdraw from the workforce after the age of

fifty (because of an assumed oOr proven age-performance

effect), then features of the occupational age/service
strucfure aged under fifty might be.observed to age
historically, whereas features over the age of fifty would
be subject to the age-linked ghange. To this end, the
longitudinal change observed in the six occupational

functions under study shall be described by considering

several notable features within each occupational age/

service structure.

3.4: DESCRIPTIONS OF LONGITUDINAL CHANGE IN OCCUPATIONAL
FUNCTIONS

3.4.1: Higher Mangement

Figure 3.2 shows the size and mean age of the workforce
from 1974 to 1980. The frequency and percentage rate of
the five possible manpower movements for each year are

also presented within the Markov Chain. The table shows




the RAI for each year period, as well as the Ratioced RATI.
The Ratioced RAI 1is an expression of the relative rate of
ageing of the target workforce in comparison with that of
the organisation as a whole:

Ratioed RAI = Qverall RAI for Occupational Function
RAI for Organisation as a whole

The RAI for the organisation as a whole has been estab-

lished at +0.316 years per year in Section 2.2.

Figure 3.2 shows that the higher management function
positively aged with an overall RAI of +0.710 years per
year. The Ratioed RAI shows that this rate was 2.33

times as fast as the organisation as a whole. The relevant
OA/S structure for 1980 is included for reference in
Appendix 5. The longitudinal change is illustrated in
Figure 3.3. As noted in Section 3.3.4, four 'features',

labelled A to D, were marked on the 1974 OA/S structure.

Feature A represented the modal point of the workforce
covefing ages 25-35 with a service of 3-9 years. Feature
B was the forward end of this main structure, i.e. a
group of older managers aged 38-50 with service of 3-12
Vearse. Feature C represented a small group of managers
aged in their late forties to early fifties, with 25-30
years of service. Feature D represented isolated groupé
of managers aged 55 vears and over with 1-14 vears of

service. The characteristic features of historical change

illustrated in Figure 3.1 become clear by following the
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progress of these four features from their 1974 positions

to their 1980 positions (Figure 3.3).

By 1980, Feature A had moved away from the far borders
(age and service dimensions) into the 26-40 vears service
range with 3-14 years of service. The large central peak
seen in 1974 somewhat diminished due to high levels of
voluntary turnover during 1977 to 1978. Feature B pushed
forward towards the end of the age dimension where
mandatory retirement at the age of 65 was imposed. The

clearest historical change was seen, however, in Features

C and D. By 1980, Feature C moved to the very bottom
corner of the graph, much reduced from its 1974 magnitude.
Many individuals left this feature through early and
mandatory retirement, or the compulsory redundancy

schemes of 1975, 1976 and 1978. Feature D showed an
interaction between historical change and age-linked
chénge caused by personnel policy intervention. Of the
many peaks that existed in 1974, only one remained.

Those who left can be visualised as having either moved

over the near "edge" of the graph into mandatory retire-
ment (reached the exit point on the age dimension at 65
years); or as having left through "slits" in the
horizontal plane which allowed early retirees to sever
their connection with the organisation. Many of the
individuals represented by Feature D availed themselves
Oof such an opportunity in early retirement schemes during

1977 and 1979. Figure 3.2 shows that the particularly
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heavy 1979 programme (with 5.34 per cent attrition)
occurred in conjunction with other manpower movements,
and resulted in a 0.87 year drop in the mean age of the

function.

3.4.2: Middle Management

The overview of longitudinal change in Figure 3.4 shows
that the middle management function positively aged at
+0.91 years per year, which was 2.88 times as fast as the
organisation as a whole. This RAI was remarkedly close
to the +1.00 rate expected through solely historical
change. The OA/S structure for 1980 is included in
Appendix 5 and graphically represented in Figure 3.5.

Four features of the 1974 OA/S structure were highlighted.

Feature A was the modal group representing a large number
of managers aged 18-30 years with 1-9 years of service.
Feature B was a smaller number of managers aged 32-40
vears with low service extending to 15 years. Feature C
was divided into two groups, both with relatively low
service. C(i) were aged in their late forties to early
fifties, and C(ii) were aged in their early sixties.
Finally, Feature D represented a small group of managers
aged in their mid-fifties, but with very high service of

over 25 years.

By 1980, the magnitude of Feature A had diminished as

many left through voluntary turnover. The feature itself
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moved across the diagram in a diagonal line, but had been
subject to some change in shape. The early distinction

between Features A and B became less clear, as Feature B

showed simple historical change. Feature C({ii)
disappeared as these managers left in the limited early
retirement schemes of 1978 and 1979 (0.69 per cent and
1.23 per cent attrition rates). Feature C(i) was not
subject to personnel intervention and aged historically.

Feature D, similarly, aged historically.

3.,4.3: Skilled Manual

Figure 3.6 shows that the skilled manual function

exhibited negative ageing, which suggests a strong age-
linked change.. The RAI was -0.29 years per year, with

a Ratioed RAI pf -0.93. This function grew younger at

an almost equivalent rate that the organisation as a
whole aged. The OA/S structure for 1980 is included in
Appendix 5, and graphically drawn in Figure 3.7. Four

features of the 1974 OA/S structure were detailed.

Feature A represented the main amorphous block of low
service staff, with ages ranging from 16-55. Feature B
comprised those staff aged 28-40 years with service of

more than 10 years. Feature C represented a few staff

aged 50~60 with very high service of over 30 years.
Feature D covered a spread of staff aged 55 and over with

1-15 years of service.

An examination of the 1980 OA/S structure shows how this
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functioh clearly illustrated»an interaction between
historical and age-linked change. The massive compul sory
redundancy scheme of 1975 to 1976, closely followed by a
recruitment drive in 1977 to 1978, represented a signif-
icant personnel intervention which clearly affected the
four features detailed. Although the mean age of the
workforce dropped from 41.05 years to 39,29 years, the
length of service increased. The shape of Feature A
neither changed much nor moved along the age dimension.
Features B and C, however, did show historical change.
Feature B moved from a modal age of 28 years with 12 years
of service, to one of 34 years with 18 years of service
(i.e. a 6 year increase in both age and service represent-
ing historical change). Individuals in Feature C
similarly moved across the graph. The majority of
individuals in Feature D left the OA/S structure through

a mixture of personnel interventions, including early
retirement schemes in 1975, 1978 and 1979. The forward
edge of Feature A replaced Feature D. A new Feature,
labelled E, was formed. This comprised a group of workers
with a wide age range, but all with service of under 6
years. It represented the recruits into the OA/S struc-
ture during 1977 to 1978. It is clearly distinguished
from the old OA/S structure features by a gap of two to
three years during which time there was zero recruitment

to the function.
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3.4.4: Technical

Figure 3.8 shows the longitudinal ageing data, revealing
a RAI of +0.87 years per year for the technical function,
which was 2.74 times as fast as the organisation as a
whole. The 1980 OA/S structure in included in Appendix 5
and graphically displayed in Figure 3.9. There were five

main structural features of the 1974 OA/S structure.

Feature A represented a wall of very young apprentices

who were generally recruited between the ages of 16 and
18. This formed the beginnings of a wall which progressed
diagonally across the matrix. The very high peak of
recent 16 year old recruits was noticeable. Feature B
represented a large group of older technicians aged

21-28 years with 1-9 years of service. This group rep-
resented the qualified and skilled recruits into the
function. Feature C was a small tail of older technicians
aged between 33-45 years with 2-12 years of service.
Feature D represented a small spread of old technicians
aged 55 and over with low service (2-10 years). Finally,
Feature E comprised a few technicians in their forties to

early fifties with very high service of over 20 years.

8y 1980, the walled Feature A had diminished in magnitude
and shown.historical ageing. Those individuals leaving
this feature did so by voluntary turnover and compulsory
redundancy. Feature B exhibited historical ageing. The
high peak of low length of service technicians was eroded

during the 1978 voluntary redundancy scheme. Low service
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qualified technicians within the 21-28 year age range
mainly took advantage of this. Feature D passed out of
the system via mandatory and early retirement, or
compulsory redundancy in 1976. Both Features D and E

exhibited historical ageing.

3.4.5: Supervisory

The longitudinal ageing data presented in Figure 3.10
shows that the supervisory function positively aged at
+0.45 years per year, which was 1.44 times as fast as
the organisation as a whole. The 1980 OA/S structure is
included in Appendix 5 and illuétrated in Figure 3.11.
There were four structural features in the 1974 OA/S

structure.

Feature A represented the modal point with fairly large
numbers of 20-25 year old supervisors with 1-5 years'
service. Feature B represented middle-aged supervisors
with 1-12 years' service. Feature C was a small group
of old, medium service supervisors (aged 55-65 with 5-15
years' service)., Finally, Feature D represented a small
number of older very high service supervisors (aged over

45 with over 20 years of service).

By 1980, the whole OA/S structure appeared to show hist-
orical ageing, with some slight modification to the 1974
structural features. Feature A reduced in magnitude as
many individuals left through voluntary turnover.

Feature B remained relatively unaltered in magnitude and
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aged historically. Feature C disappeared as many older

medium service supervisors were mandatorily retired or
left in the 1976 redundancy scheme. Finally, Feature D
exhibited historical ageing. Much of the increase in
service of this function can be attributed to the

relative lack of recruitment.

3.4.6: (Clerical
Figure 3.12 shows that the clerical function revealed
only very slight positive ageing, with a RAI of +0.12

years per year. It aged at approximately one third the

rate of the organisation as a whole (Ratioed RAI = +0.39).
The 1980 OA/S structure is included in Appendix 5 and
drawn in Figure 3.13. Five main features of the 1974

OA/S structure were detailed.

Feature A represented the modal point of a large group
of low age, low service clerical staff (aged 16-30 with
less than 10 years' service). Feature B was a group of

middle-aged low service staff, aged 30-45 with less than

10 years' service. Feature C was a group of staff aged
45~55 with less than 10 yvears of service. Feature D was
a series of old, low to medium service clerical staff
aged over 55 with 2-20 years' service. Finally, Feature
E represented a small number of middle-aged medium
service clerical staff aged 35-48 with 12-22 years of

service.,

By 1980, there was little change in the overall shape
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and position of the OA/S structure. Feature A enlarged

slightly as the numbers in the workforce increased, and
tended to be young recruits. All other features moved
relatively slowly across the matrix, suggesting age-
linked change. Feature D all but vanished as the indiv-
iduals retired, and Feature C moved into the older

regions on the graph.

3e4.7: summary of longitudinal change in occupational
functions :

The mean age and observed RAI for each occupational func-
tion over the period 1974 to 1980 are summarised in

Table 3.2 overleaf,

The descripfions of longitudinal change in Sections 3.4.1
to 3.4.6 show that an OA/S structure is not just subject
to either historical ageing, or an age-linked change. An
OA/S structure can be subdivided in clear features, and,
in general, it is these features which are subject to one
of the two types of change specified. It is the summation
of these changes within the many features of an OA/S
structure which may give the whole OA/S structure the
appearance of either historical or age-linked changée A
high positive RAI reflects an OA/S structure in which the
majority of feétures changed historically. Conversely, a
low positive (or negative) RAI reflects an OA/S structure
in which the majority of features were subject to age-

linked change.

The data presented in Table 3.1 show that there is long-
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itudinal change within OA/S structures measured at the
organisational level. Consideration can now be given to
the second question posed in Section 3.1 i.e. does this

change differ between occupational functions?

3.5: DIFFERENTIAL CHANGE BETWEEN OCCUPATIONAL FUNCTIONS

3.5.1: Statistical methodology

Two aspects of the longitudinal age data presented in
Table 3.2 shall be compared between occupational functions.
These are the mean ages over the sampled time period and

the established rates of ageing. Two-tailed correlated

t tests are calculated for each of the fifteen comparisons
between the six Qccupational functions. A more conser-
vative alpha level of p<.0l1 is employed due to the large
number of comparisons. The sample size is small for most

tests in Part Two, but statistical corrections are made.

The results of the t tests are included in Appendix 6,

and summarised overleaf in Figure 3.14. This shows that

there are clear age differences between most of the occup-

ational functions (although comparisons to those functions
nearest fo each other in age are not always significant).
Of more note are thesignificant differences in the rate

of ageing. The two fastest ageing occupational functions
are the middle management and the technical functions.

The high positive RAI observed for these functions
(particularly middle management) suggest that the long-
itudinal change in these two functions was due to
historical factors. Both these functions aged
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FUNCTIONS
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significantly faster than the skilled manual function

which actually grew younger. This function appears to
have been subject to a particularly strong age-linked

change.

3,6: TIHE LINK BETWEEN THE LEVEL OF MANPOWER MOVEMENTS
AND LONGITUDINAL AGE CHANGES

3.6.1: An external cause of change

It is possible that the rates of ageing observed in the
occupational functions each year were due to the initial

age of the function. The older a function is, the faster

it subsequently ages, or vice versa. A glance at Figure
3.13 which presents the six occupational functions in
rank order of first mean age, and then rate of ageing,
appears nét to suppoft this 'internal' cause of longitud-
inal change. However, the relationship is tested by
correlating the mean age of each occupational function
with the subsequent RAI. The data are drawn from Table

3.2, and six pairs of cases are correlated for each of

the occupational functions. The results are included in
Table 'a' of Appendix 7. Not one of the correlations is
significant and it is concluded that the rates of ageing
observed in the occupational functions; had nothing to do
with the initial mean age. The reasons behind the varying

longitudinal change were external.

In Section 3.4.3, it was pointed out that any change in

the OA/S structures which was not purely historical could
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only stem from the manpower meovements being age-linked.

If the manpower movements are responsible for governing
the longitudinal change in the occupational functions,
then it should be possible to predict the mean age of
each occupational function from the foregoing manpower

movements.

3.6.2: Statistical methodology

366.2.1: Univariate correlations

The percentage rates of each of the five possible man-
power movements were correlated with the resultant mean
age for each of the six occupational functions. The
results are included in Table 'b' of Appendix 7, and
show that there are some significant links between the
percentage rates of even a single manpower movement and
the resultant age of an occupational function. As the
manpower movements occur in a variety of mixes, such
links between single manpower movements represent very
powerful effects. In the higher management function,
higher levels of recruitment were associated with a

lower subsequent age (r=-0.8196; Df=5; p<.05). In the
middle management function, higher levels of both volun-
tary turnove; (r=+0.8392; Df=5; p<.05), and early retire-
ment (r=+0.7826; Df=5; p<.05) lead to a higher subsequent

mean age.

3.6.2,2: Multiple regressions

The previous section has shown that there are significant

links between levels of a single manpower movement and
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subsequent age. It should, therefore, be possible to

predict the mean age of an occupational function from a
mixture of levels of manpower movements. Multiple
regressions are calculated for each of the six occupat-

ional functions.

Forward stepwise inclusion of independent variables
(levels of up to four manpower movements) was used to
yield the optimal prediction equaticn. Given the small
sample size, and a high number of predictive variables
in relation to sample size, a series of criteria were
incorporated into the methodology:-
1. The statistical strength of effect of the pre-
dictive equation is usually given by r2._
However, it is easiér to explain more variance
(r2) if many predictor variables are used to
estimate a few sample points. Therefore, the
effect of the number of predictor variables and
sample size need to be used to adjust the
explained variance. Accordingly, the strength
of effect is adjusted, ar "shrunk’; using the
formula derived by Thiel (1971):-
Adjusted rZ = 2 _ ((k°11(1“f2))
((N-k) )

where k number of predictor variables
N = number of cases

2. A statement on the level of significance of the
observed result is made. The sample regression

equation is usually the best guess made about
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the particular rule that applies in the popul-

ation, but there is no guarantee that the
multiple linear predictive relationships in the
sample are not a chance result, rather than a
true reflection of the population situat:'u.)n0
Hays (1963) has established the following equat-
ion to test the hypothesis that the true r is
zero, using the F sampling distribution:-

F = (Adjusted r>  )(N=k)
(1 - Adjusted r7)(k-1)

where N = number of cases
k = number of predictive variables

Degrees of freedom are k-1 (denominator)
N-k (numerator)

The statistical details including the predictive equation,
standard error, multiple r, multiple r2, adjusted r2,‘

F value with significance and sample size are specified
in Appendix 7, and a summary of the results is pfovided
overleaf in Table 3.3. It can be seen that, for three
out of the six functions, by knowing the percentége
levels of specific manpower movements, the resultant mean
age at the end of those manpower movements could be
significantly predicted. This suggests that the degree
of intervention (as realised through the magnitude of
specific manpower movements) is related to the resultant
age in the higher management, middle management and
technical occupational functions. These are the fastest,
third fastest, and slowest (negative) ageing functions

respectively. The magnitude of manpower movements is
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Adjusted Strength of Effect,
F Value & Level of Significance

HIGHER MANAGEMENT 0.7322
F=10.93 (1,4)
p<.05

MIDDLE MANAGEMENT 0.9683
F=20.36 (3,2)
p<.05

SKILLED MANUAL 0.7542
F=12.27 (1,4)
p<.025

TECHNI CAL 0.3602
F= 2,25 (1,4)
N.S.

SUPERVISORY ' 0.9454
F=11.54 (3,2)
NOSG

| CLERICAL ' | 0.79669
* F= 3.92 (3,2)
N.S.

KEY Top figure denotes the adjusted strength of
effect
Middle figure denotes the F value for the
significance of the strength of effect with
degrees of freedom shown in brackets
Bottom figure shows the level of significance
N.S. denotes non-significance

TABLE 3.3: RESULTS OF MULTIPLE LINEAR REGRESSIONS USING
LEVELS OF MANPOWER MOVEMENT AS PREDICTORS OF RESULTANT
MEAN AGE OF OCCUPATIONAL FUNCTIONS
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assocliated with the mean ages found in occupational func-
tions which showed either historical change (the two
management functions) or age-linked change (the skilled

manual function).

3.7: THE IMPORTANCE OF MANPOWER MOVEMENTS

3.71¢ The study of manpower movements

The study has so far shown that there is longitudinal
change within the OA/S structures. This change differs
across occupational functicns, and has been categorised

as either historical or age-linked. The cause of the
change has been shown to be external to the OA/S structure

and clearly linked to the extent of manpower movements.

The levels of manpower movement each year can be used to
predict subsequent mean age in those occupational func-
tions which show clear historical or age-linked change.
The reasons as to 5ow different levels of certain man-
power movements influence the OA/S structure need to be
clarified. To do this, a detailed analysis of age and
service patterﬁs within manpower movements needs to be

undertaken.

3.7.2: The extent of manpower movements

The study has covered each of six occupational functions
over six one-year periods. For each of these 36 occup-
ation/time periods, data for age and service has been
recorded within five possible manpower movements (see
Section 3.3.3) making a total of 180 theoretical
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occupation/time/manpower movement cells of data. Data
for the sex of the individual Manpower Movers Was,
unfortunately,; not available from the source used, and

so cannot be controlled for. All forms of manpower move-
ment were not exhibited in every occupational function
every year, and Table 'a' in Appendix 8 shows which cells.
applied. It can be seen that data existed for 118 of the
180 possible cells. The number of cells and the number
of individuals in each of the five types of manpower
movement each year (across occupational functions) is
summarised in Table 3.4. Data were recorded over the six
year period for 4330 individuals. 2297 (53 per cent)
moved out of the occupational functions, and 2033 (47 per
cent) moved in. Of those who moved out, 780 (34 per cent)
did so totally involuntarily (compulsory redundancy) and
1517 (66 per cent) did so with some voluntary control
(voluntary turnover, early retirement and voluntary
redundancy). This balance of one-third involuntary/two-
thirds Voluntary was not static. In 1975 and 1976, the
proportions were totally reversed. Therefore, the
relative importance of the five manpower movements

changes over time.

3.7.3: The operationalisation of a measure of age and
service manpower movement behaviour

Two independent variables of occupational function and
the type of manpower movement are used to isolate differ-
ences in the depeiident variable of age/service behaviour.

This dependent variable has to be operationalised.
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Within each of 118 data cells, the age and length of
company service of individuals was recorded to the near-
est whole year. The OA/S structures for each occupational
function were established for the years April 1974 to
April 1980 by backdating the workforce. The frequency
and percentage of individuals who worked were recorded

in five-year age and service bands, making a total of

40 possible age/service cells (see Section 2.7.1). Using
the same age and service bands, the frequency of indiv-
iduals making the appropriate type of manpower movement
was also recorded. This frequency, however, is not the
most appropriate measure of age or service manpower
movement behaviour. For example, there may be twenty
people aged 20-24 who leave voluntarily, and ten people
aged é5—29 who do the same. This does not mean, however,
that 20-24 year olds are more likely to leave, ;ince, for
example, the twenty 20-24 year olds left from a population
of 100 (therefore, 20 per cent of the population left),
whilst the 25-29 year olds left from a population of only
40 (therefore 25 per cent of the population left). The
measure used, then, is the proportion of workforce making
the movement, expressed as a four figure probability. It
is, henceforth, called the propensity to move, and is

calculated as follows:-

Propensity _ Number of movers in sample age/service cell
to move ~ Number of individuals in age/service cell

This propensity to move was calculated in each of the 118

occupation/year/manpower movement data sets for three
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different facets:-
1. For each of the 40 age/service cells.
2. Summated across cells for the ten five-year age
bands.
3. Summated across cells for the eight five-year

service bands.

These three measures of propensity to move were then
averaged over the six one-year time periods to provide a
single set of data for each occupation/manpower movement
group. The propensities for voluntary turnover were
always averagéd over six years (since voluntary turnover
was always pdssible). The propensities for early retire-
ment, voluntary redundancy, compulsorybredundancy and
recruitment were all averaged, however, by the number of
years in which they existed. It was impossible for any-
one to realise any propensity to move in the years in
which movement did not exist in that the organisatién
either did not practice the movement (e.g. redundancy and
recruitment), or did not allow or agree to terms for it

(e.g. early retirement and voluntary redundancy).

The propensities for each manpower movement are summar-
ised by age and service for each of the six occupational -
functions. These data are presented in Tables 3.5 to

3010.
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3.8: AGE AND SERVICE BEHAVIOUR PATTERNS

3.8.1: Statistical methodology

The analysis of age and service differences in the
propensities to move detailed in Tables 3.5 to 3.10, is
correlational in nature. There are two fundamental
methodologies: -
1. Two-tailed Pearson Product Moment Correlation
Coefficients were calculated using the median
age within each of the ten age bands as the

independent variable, and the various propen-

sities to move (in each appropriate occupation/
manpower movement group) as the dependent
variable. This entailed the calculation of

25 correLations and so a more conservative alpha
level of p<.01 was employed. The results are

detailed in Table 3.11 overleaf. -

A similar analysis was conducted using service
bands as the independent variable. Nineteen
correlations were calculated and the results are

included in Table 3.12.

2. Correlations may be compared to each other to
see ff they are significantly different. This
1s done by converting the correlations to =z
scores (Rolhf & Sokal, 1969; Table M, p. 143).
The significance of the difference between the

z scores 1is tested using the normal distribution.
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The calculated z difference is established as

follows (Yeomans, 1968):-
z (difference) = z,-2,
) L (1)

3) *

J
(7, -

z score for first correlation

where 2z

22 = z score for second correlation

nl = number of cases in first
correlation

n2 = number of cases in second
correlation

The results of this significance testing between
the correlations shown in Tables 3.11 and 3.12

are included in Appendix 9.

3.8.2: Voluntary turnover

Age is significantly negatively correlated with the prop-
ensity to leave voluntarily in the clerical function
(r=-0.8589; Df=9; p<.01) and the skilled manual function
(r=—O¢8033; Df=9; p<.01). Older individuals in these
occupations are significantly less likely to leave
voluntarily. This is not the case in the other four
functions. In higher management, there is virtually no
relation between age and the propensity to leave volun=-
tarily, and this is significantly different from the

high negative relationship found in the clerical function
(z=2.98; p<.01). It is interesting that the two functions
in which age is related to voluntary turnover behaviour
are those two functions which showed the lowest RAI's
(and consequently are hypothesised as having the highest

extent of age-linked change).
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Service is not linked to voluntary turnover in these two

slowest ageing functions. Rather, service is signif-

icantly negatively linked to propensity to leave

voluntarily in the higher management function (r=-0.9180;
Df=7; p<.01) and middle managemen£ function (r=-0.7998;
Df=7; p<.01). This negative link between service and
propensity to leave voluntarily in higher management is
significantly different from the zero relationship seen

in the skilled manual function (2z=2.84; p<.01).

In summary, then, age is negatively linked to the prop-

ensity to leave voluntarily in those occupational
functions which show a high degree of age-linked change.
Conversely, service is negatively linked to the propensity
to leave voluntarily in those functions which show a high

degree of historical change.

3.8.3: Compul sory redundancy

There 1is a significant positive relationship between age
and the propensity to be made redundant in the higher
management function (r=+0;7§23; Df=9; p<.01) and the
middle management function (r=+0.7466; Df=9; p<.01).
Although age is not associated with an increased likeli-
hood of redundancy in the other functions, the

correlations are not - significantly different.

Length of service is not significantly related to the
likelihood of being made redundant in any of the six
Occupational functions.

143




In summary, two of the functions which show high levels

of historical ageing not only exhibit a negative
relationship between service and voluntary turnover, but

also a positive relationship between age and redundancy.

2.8.4: Early retirement

Because only the three upper age bands are associated
with early retirement, the age correlations are based
upon only three pairs of observations. The correlation
values do not reach significance as a consequence,
although the overall link between age and early retire-

ment is obvious.

Service is not significantly related to early retirement
in any of the six occupational functions, although a

high positive correlation (r=+0.7079; Df=6; p<.05) is
fouhd in fhe clerical function, and a negative correlation
(r=-0,4800; Df=7; N.S.) in the skilled manual function.
This negative correlation found in the skilled manual
function is significantly different from the high positive
correlations found in the clerical function (z=3.22;
p<.01), supervisory function (z=2.68; p<.01) and

technical function (z=2.64; p<.01).

3:8.5: Recruitment

Age is negatively linked to the propensity to be recruited
in the clerical function (r=-0.8750; Df=9; p<.01) and in
the skilled manual function (r=-0.8028; Df=9; p<01).

Age, then, is a clear handicap when jobs in skilled
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manual work or clerical work are offered.

Higher management and supervisory functions show a total
lack of any relationship between age and recruitment,
and this is significantly different from the negative
link in the skilled manual and clerical functions.

B

3.9: SUMMARY OF THE LINK BETWEEN AGE AND SERVICE
BEHAVIOUR PATTERNS AND RATES OF AGEING

In the previous section, the relationships between age
and servicé, and propensities to move were detailed.
These data represent age and service behaviour patterns,
in that the likelihood of being made redundant or of
leaving voluntarily, for example, are both significantly

related to age, but in different directions.

The correlations across occupational functions are
converted into z scores and then averaged (see Tables
3.11 and 3.12). The average z scores show that, in
general, higher age is associated with a lower likelihood
of leaving voluntarily, taking voluntary redundancy, or
being recruited. Conversely, higher age is associated
with a higher likelihood of being made redundant, or
takiné early retirement. The service relationships are

all in the same direction.

The nature of these age and service behaviour patterns

did, however, differ across occupational functions, and
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the tendency was noted for these differences to group
around those occupations which had shown either histor-
ical or age-linked change. Those occupational functions
which showed a high rate of ageing, which was diagnosed
as being historical in nature, were characterised by a
positive link between age and redundancys; a negative link
between service and voluntary turnover; and no relation-

ship between age and voluntary turnover.

Occupational functions which were diagnosed as showing
age-linked change, characteristically showed a negative
link between age and both voluntary turnover and recruit-
ment. In other words, older individuals were less likely
to leave work voluntarily. This, perhaps, was linked to
the fact that they were also less likely to be récruited

into the same sort of work.

3.10: CONCLUSIONS TO THE LONGITUDINAL STUDY OF CHANGE
IN OCCUPATIONAL AGE/SERVICE STRUCTURES

The analyses conducted in this chapter have provided the
following conclusions and findings:-
1. A quasi-longitudinal study of change in occup-
ational age/service structures showed that
OA/S structures (such as those studied in
Chapter Two) are not all static over time. The

age structures change.
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Previous research (Smith, 1973) has categorised

such longitudinal change in age structures as
being either historical or age-linked in nature.
A detailed analysis of change showed that most
OA/S structures are subject to both these

types of change. Specific features within the
structure generally, are associated with one of

the two types of change.

However, the result of this mixture of change

in OA/S structures can still generally be cat-
egorised as being either histofical or age-
linked. The metric used to distinguish between
the two types of change is the RAI. This metric
significantly differed across occupations.
Historical change was noted in the middle and
higher management functions, and age-linked
change was noted in the skilled manual, clerical

and supervisory functions.

The observed rates of ageing seen in the occup-
ational functions were shown not to bear any
relationship to the initial OA/S structure. The
cause of change was external, and hypothesised
as being due to age-linked manpower movements

into and out of the occupational functions.

Multiple regressions significantly predicted the
rate of ageing from the magnitude of these
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manpower movements in those occupational func-
tions which had shown extremely high or low
rates of ageing. For such relationships to
occur, it was hypothesised that there must be a
link between age and service, and the likelihood

of making the manpower movements.

A measure based on the probability of making a
manpower movement was operationalised. Signif-
icant relationships were indeed’found between
age and service, and the measures of propensity
to move. These findings generally support those
discussed in Chapter One in that increased age
1s associated with a lowered likelihood of
leaving voluntarily, taking voluntary redundancy
or being recruited. Increased age is, however,
positively associated with being made rédundant

or taking early retirement.

The sets of probabilities of making manpower
movements by age and service constitute discrete
age/service behaviour patterns. However, these
age/service behaviour patterns differ across
occupational functions. These differences
tended to group around the two categories of
change i.e. historical and age-linked. Histor-
ical change tended to be associated with
occupations in which high age meant a higher
likelihood of being made redundant, but was not
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related to voluntary turnover. Those most

likely to leave voluntarily had low service.

Age-linked change tended to be associated with
occupations in which high age was associated
with less chance of being recruited, and so less

chance of leaving voluntarily.

149



PART T WO

FUTURE OCCUPATIONAL AGE/SERVICE STRUCTURES

AND A COMPUTER AGEING SIMULATION TECHNIQUE




CHAPTER FOUR

THE DEVELOPMENT OF A COMPUTER AGEING
‘ SIMULATION TECHNIQURE




4.1: THE NEED TO MODEL FUTURE LONGITUDINAL CHANGE IN
OCCUPATIONAL FUNCTIONS

Sonnenfeld (1978) has drawn attention to the increasing

awareness of the composite effects of demographic trends,
improvements in life expectancy and changes in social
legislation within organisations. Such an awareness is
being used to anticipate changes in matters such as
employee performance and attitudes, performance
appraisals, retirement incentives, training programmes
and blocked career paths, but, as Sonnenfeld (1978)

pointed out, one of the major problems facing organisa=

tions is not just knowing that there will be a "firen,

but knowing "where to send the fire-engines".

The research in Part One of this thesis has established
the occupational age/service structures within an organ-
isation. These occupations were studied over time so
that those which were ageing rapidly, or showed an age-
linked change, were diagnosed. Some of the major mech-
anisms which underlay the historical longitudinal change
were revealed by a sophisticated methodology which
contrélled for different types of manpower movement., It
was shown that many occupational age/service structures
were not subjected to either pure historical change,
(Smith's (1973) Hypothesis H), or to pure age-linked
change (Hypothesis A). Rather, these two types of

longitudinal change could be seen to apply to specific

features within the OA/S structures. The discrete change,
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according to Hypothesis H or A observed within national

age structures, is, in fact, a summation of differential
change within age/service structures at the organisational
level. At present, an OA/S structure may show historical
change, suggesting that there is no age-performance 1link
within the occcupation. However, careful analysis might
have shown that, whilst overall, the OA/S structure
changed historically, specific (older) features within
the OA/S structure were, in fact, subject to age-linked
change. 1In such a case, it is argued that, at some
future date, the longitudinal change associated with this
(hypothetical) occupation would cease to be historical,
and would become age-linked. In other words, before
occupational age/service structures may be used to eval-
uate performance and other personnel implications (when
measured at the organisational level), then the complete
pattern of longitudinal change of the 0OA/S structure
needs to be considered. Clearly, a short six-year obser-
vation is insufficient for this purpose, and so future
change needs to be simulated. In this sense, not only
could occupatiocnal psychologists know "where to send the
fire-engines" (Sennenfeld, 1978), but they could also

learn to know "when" such action might be necessary.

The aim of this second part of the research is to develop
a methodology which will validly and reliably project
Occupational age/service structures over time, drawing
upon,; and using to the full, the findings and conclusions
already established in Part One. Before this methodology
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is developed, some of the underlying pfinciples of man-

power and human resource planning are discussed.

4.2: AN OUTLINE OF SOME THEORETICAL ISSUES WI THIN
MANPOWER AND HUMAN RESOURCE PLANNING

4.2.1: Incidence and extent of manpower planning

There is no clearly defined practice of manpower planning,
and, as a conseQuence, many different approcaches are
used. Thakur (1975) has defined manpower planning as
consisting of four distinct processes:-

1. Taking stock of existing manpower .

2. Determining demand for manpower in the future.

3. Forecasting supply of manpower for the future

from internal and/or external sources.
4. Deciding appropriate actions to ensure that

manpower resources match future needs.

Thakur's (1975) research, carried out under the auspices
of the Institute of Personnel Management, involved a
national survey of companies (equal spread of workforce
size, ranging from under 2000 to over 20000, and equal
spread of geographical location of central operations
across the U.K.). The database response rate was 60.4

pPer cent with 308 participating companies.

Differences were found in the extent to which the above
four approaches to manpower planning were employed as

well as the purpose for which manpower planning was used.
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Most organisations use manpower planning to take stock of

their manpower (87.98 per cent), and considerably fewer

organisations practise manpower planning which will allow

for actions to match future needs (76.62 per cent). Man-
power planning is used for a variety of purposes. These

are listed below:-

To determine recruitment needs » 71.4%
To assess training and development needs 67 .9%
To anticipate/avoid redundancies 47 . 7%
To assist career planning 44 .8%
To monitor manpower costs 41 .2%
To forecast changes in terms of skills 33.4%
To monitor imbalanced age distribution 33.4%
To help industrial relations negotiations 29.2%

Thakur (1975) argued that the responses illustrated some

of the common difficulties experienced in manpower

planning, namely:-

1. The process of taking stock of manpower is
often understood to be confined to a perusal of
personnel records and monthly salary print-outs.
Whilst this may give some valuable information
to gauge the present stock, it does not indicate
manpower movement within and across various
skill levels.

2. The comparison of responses showing a deter-
mination of demand of manpower with those of
forecasting supply, shows a significant differ-
ence (82.79 per cent to 64.28 per cent
respectively). This is not surprising as fore-

casting supply is the most difficult of the
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two, for it needs a close examination of both

micro- and macro-environmmental factors.

3. Only 33 per cent of companies use manpower
planning to monitor imbalances in their age
distribution. The use of manpower planning
techniques to model the supply of individuals
into and out of future occupational age/service
structures is,; therefore, likely to be a relat-

ively untried methodology.

4.2.2: The need to represent the decisions made by the
organisation and the individual

The planning of human resources associated with observed
and expected OA/S structures within a series of represen-
tative work functions must be considered as macro-level
planning. Heyel (1980) points outrthat this type of
approach is essential to soundnthinking about long range
staffing needs and policies, and must incorporate the
attitudinal and behavioural patterns associated with the
resources in question, i.e. those which relate to age

and length of service.

The actual technique used to project tﬁe changing shape
of the human resources within the organisation, must
Centrally operate around, and account for, what Heyel
(1980) refers to as:-

1. The formal and informal decisions by private

individualse.

2. The formal and informal decisions by the organ-

isation.
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Any examination, or simulation of the problems associated
with this type of organisation-individual interaction
inevitably incorporates problems inherited from the past.
Many such problems experienced by organisations who are
faced with managing change both in the present and in the
future, have their origins outside the organisation.
Evans (1979) highlighted those aspects of the economic
enviromment which have had a direct influence on issues
and problems faced by organisations concerned with the

management of worke.

The major aspects which bear an influence are:-

1. the level of full employment;

2. economic difficulties or success of the nation
which may be represented via a series of indices
such as a factored score for national wealth and
GDP growth rates

3. unemployment levels and trends;

4, inflation and interest rates.

There is a series of channels through which these aspects
of the enviromment affect the company. The trading
climate and market-demand for new products are major
channels, as is govefnmental intervention in finance
control and legislation relating to manpower. However,
there is another major consideration which is often
neglected. Evans (1979) has emphasised the importance

of the social and work attitudes of employees, and the
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manner in which social and educational changes associated
with the economic climate influence the expectations of

employees. The raising or lowering of an individual's

expectations in this manner, must influence the formal

and informal decisions he makes.

4,2.,3: Markov chains and manpower models

There are several books on manpower models in the liter-
ature (e.g. Bartholomew, 1973; Bartholomew & Forbes,
1979; Bryant and Niehaus, 1978; Clough, Lewis & Oliver,
19743 Grinold & Marshall, 1977; Smith, 1970). Many of

the models discussed are based on a Markov chain model

for the behaviour of employees. Individuals may be
classified along a series of dimensions. Then, based
upon previously established behaviour, the probability
of individuals within each class (or conditional upon
membership within a series of classes) is derived, and
exactly this proportion of individuals is allowed to
'behave' in the measured manner. Verhoeven (1981) dev-
eloped a model which used such a Markov chain wheie age
was one of the classifications used. For the present
research, manpower movement behaviour has been estab-
lished which is conditional upon:=

i. age

2. length of service

3. occupational function

4. type of manpower movement.
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The data already gathered and analysed in the previous

chapter may be used to develop the conditional probab-
ilities characteristic of a Markov chain. These
conditional probabilities will then be placed within a
framework of organisational and individual decisions.

To this framework for applying Markov chains to manpower
movements, will be added estimates of the supply and
demand for manpower. All these elements will consitute
a manpower model which will be able to simulate future

OA/S structures.

4,3: SIMULATION OF AGEING WITHIN OCCUPATIONAL FUNCTIONS

4.3.1: Manpower movements and their representation of
organisational and individual decisions

The theoreticél discussion in the previous section has
shown that the central aim of any manpower model must be
to represent the decisions made by both organisations
and individuals in some measurable manner. This concept
of organisation-individual interaction is central, not
only to the literature on manpower planning, but also on
organisational behavicur (e.g. Porter, Lawler & Hackman,
19755 Schein, 1978). In order, therefore, to accommodate
this need for a central measurement of crganisation-
individual decisions, the most appropriate form of behav-

iour must be chosen.

The previous chapter has shown that the level of manpower

movements, and the internal age/service behaviour
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patterns associated with these movements, are both

predictive of longitudinal change within OA/S structures.

Furthermore, these two 'variables' can be shown to rep-

resent organisational and individual decisions, therefore
forming a valid base around which a manpower model may
be built. Control over the decisions relating to man-
power movements can be one of three types:-
1. A totally individual decision cover which there
is no organisational control.
2. An interaction of joint decisions where control

is negotiable between the individual and the

organisation.
3. A totally organisational decision over which

the individual has no control.

The outcome of such decisions (independent of who makes
them) exerts an influence on the OA/S structures and
causes two things to vary:-
1. the actual numbers or level of'people who make,
or are 'moved' by the decisiong
2.' the mixture of ages and length of service (or

‘age pattern') that is associated with those who

do move.

Table 4.1 overleaf summarises the control of this inter-
action between organisational and individual decisions
in relation to the two ways in which the five possible

outcomes of manpower movement may vary.
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Type of Manpower Movement Numbers who Age Pattern
make decision associated
with decision
Voluntary Turnover T I
Early Retirement 0/I+ 0/1+
Voluntary Redundancy o+/1 0+/1
Involuntary Turnover O O
Recruitment 0 0
Where I = Total individual control
O/1+ = Negotiable organisation/individual
decision where control resides more
with the individual
0+/1 = Negotiable organisation/individual
decision where control resides more
with the organisation
0o = Total organisational control

Mandatory Retirement is an option where the decision
resides neither in the control of the individual, nor in
the organisation, but is made externally

TABLE 4.1: CONTROL OF TWO ASPECTS OF MANPOWER MOVEMENT
AS A FUNCTION OF ORGANISATION VERSUS INDIVIDUAL DECISION

4.3:2: The measurement of organisation/individual
decisions :

Historical data for the seven work functions have been
gathered over a six-year period for the years 1974-1979.
The levels of attrition and recuitment for each workforce
over this period were presented in the form of Markov
chains in Chapter Three, and the individual-organisational

decisions were calculated as follows.
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Data were collected for every individual who ever left
or entered the site over this six-year period. For each
year's 'movement', all individuals were classified by
occupational function. Once the individuals had been
placed within the appropriate occupational function,
they were classified into the five possible manpower
movements. Each of these sub-groups of movers can be
seen as a 'decisional group' under either individual or
organisational control as specified in Table 4.1.
Individuals cén be aged anything from 16 to 65(+) years
(J=1, 50 years), and their length of service can be
anything from O to 40(+) years (I=1, 40 years). This
allows the establishment of a 2000 cell matrix of all
individuals in the sub-group. The probability (n) that
any individual of age (J) and length of service (I)
decided to move within each particular 'decisional group'
is then calculated. The age/service behaviour patterns
established as a result of this were presented in the
previous chapter. Thirty-five conditional probability
matrices were established which represent the average
decisions made by both individuals and the organisation.
The probability depends upon:=-

1. the occupational function

2. the type of manpower movement decision invoked

3. the age of the employee

4. the length of service of the employee.
The collection of these data involved the calculation of

280980 'probabilities of decision'. Due to the

160



complexity and magnitude of the Operation, a computer

simulation is established.

4.3.3: The hierarchy of personnel operations as
simulated by the computer model (C.A:S.T.)

All aspects of manpower movement which affect the
organisation's age/service structure have been placed
under the relative control of organisational or individual
decision (see Table 4.1), and these decisions have been
operationalised as 35 'decisional groups' which consist

of 2000 conditional probabilities each dependent upon the

occupational function, type of manpower movement, age,

and service of the employee (see Section 4.3.2). These
data have to be applied toc each of the occupational func-
tions so that personnel operations within the organise-

ation are simulated year by year, and the subsequent

age/service structures revealed.

On the basis of extensive discussions within the Personnel
Department, it was discovered that the decisions made
Operate within a hierarchy. For each of the occupational
functions, a target is set for the numbers required the
following year. This target planning is usually only
short-term (on average two years), and given the aim of
projecting over an eleven-year period, future targets

will need to be predicted. Once this target has been

set, the organisation has to take account of the anticip-
ated voluntary turnover and mandatory retirement, before

it is able to operate any control over the manpower
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movements. The hierarchy applied is illustrated in
Figure 4.1 overleaf and is now described in terms of the

computer simulation.

The program reads in every individual from the occup-
ational function to be projected, and checks their age,
length of service, and sex. Mandatory retirement is
imposed and all males aged over 65 and females aged over
60 are withdrawn from the labour poocl. A series of man-
power movement policies are then operated in hierarchical
order. The first one (which is always operated) is
voluntary turnover, The anticipated level of turnover
(which is statistically predicted) is used to calculate
the required number of individuals to fulfil the quota.
The decision as to whether a specific individual should
be withdrawn is made as follows. The age and length of
service of the individual is read, and the appropriate
decisional group' of probabilities called up from the
databank. The probability that any individual :-

1. within that occupational function

2. of that age

3. with that length of service

4. will conditionally leave voluntarily
is then extracted. Let us say, for example, that this
probability is 0.0700. This means that, over the past
six years, roughly seven out of every hundred such ind-
ividuals made that decision. A random probability is
generated and compared to this expected probability of

leaving. 1If the generated probability is smaller, then
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that individual will be withdrawn. 1If, however, it is

larger, then he stays. In this manner, all the indiv-

iduals who are withdrawn from the labour pool exactly

simulate the age/service pattern previously exhibited.
The program will continue to withdraw individuals accor-
ding to this behaviour pattern, until the quota of

predicted leavers has been fulfilled.

The decision as tc which policy option is needed next to
control the manpower movements is made on the basis of

the number of individuals left in the labour pool. 1If,

after loss through mandatory retirement and voluntary
turnover, the number in the labour poocl has fallen below
the required target, then the program moves into the
recruitment function. This operates in the following
manner. The number of individuals required is calculated,
and the program recruits exactly this number of people.
Their length of service is automatically set at zero
years. The databank includes the probability that any
recruit into the occupational function will be male. Let
us say that this has been, on average, 0.7500 over the
last six years. A random probability is again generated,
and if it is smaller than this expected event, then the
recruit is male. Conversely, if it is larger, then the
recruit will be female. This ensures that the sex dist-
ribution of all recruits simulates the expected sex
distribution. Finally, the computer has to decide what

age to assign to the recruit. The databank contains a




series of probabilities which describe the average age

profile of all recruits to that occupational function
over the last six years. Another random probability is
generated, and the age associated with that probability
is assigned to the recruit. By using this technique,
whenever the recruitment function is brought into oper-
ation, it will create the correct number of recruits
needed to reach the target workforce, and these new
recruits will be distributed according to the expected
age pattern and sex pattern. Unfortunately, it proved
impossible to simulate the interaction between sex and
age as sex was not able to be recorded as one of the

variables in the manpower movement data.

The other eventuality, however, is that the numbers left
within the labour pool after mandatory retirement and
voluntary turnover are still too high. If this is the
case, then the first policy the organisation encourages
‘within the hierarchy is early retirement. The computer
enters the remaining individuals into the early retire-
ment function, which operates in an identical manner to
the description given of the voluntary turncver function.
The overall anticipated level of loss is predicted, the
number required to be withdrawn calculated, and the
decisions as to who actually leaves made by comparing a
randomly-generated probability to the expected one which
is dependent upon their age and service. Once more, the
decision on the next required policy after early retire-
ment is based upon the numbers still left. At all these
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decision points (highlighted in Figure 4.1), the program
either brings in recruitment, or continues to move down
the hierarchy of policies used to reduce numbers. Af ter
early retirement, voluntary redundancy may be imposed.

If numbers are still too high, the final option left is
compul sory redundancy. Each of these attrition policies
operates in the same way, i.e. simulating the differential

age/service patterns associated with them.

The end result of this simulation of varying personnel
policies is a pool of individuals who represent the
following year's workforce. All these individuals have
their age and service increased by one year. This having
been done, they are ready to be projected for the next

year.

A computer program was written in Fortran. One year was
spent developing the program so that it followed the
algorithm detailed in Figure 4.1. For each year which
is projected, a record is made of:
1. the sequence of personnel policies which were
required;
2. the practised levels of turncver and the
individuals involved:
3. the occupational age/service structure of the
projected workforce, which is then graphically
drawn usina a GINO packages

4. the projected workforce, including details of



each individual's age, service and sex.

An early version of the Fortran program, along with an

example run are included in Appendix 10.

The next section describes the methodology employed to
predict the target size of workforce for each occupational
function, and the anticipated levels of attrition for the

relevant manpower movements.

4.4: THE USE OF ECONOMIC/SOCIAL INDICES TO PREDICT THE
DEMAND AND SUPPLY PARAMETERS

4.4.1: The development of a battery of economic/social
indices to measure the organisational climate

The theory discussed in Section 4.2 showed that many
problems experienced by organisations exert an influence
on the decisions they have to make concerning manpower
movements. Evans (1979) highlighted levels of employment
and unemployment, growth rates and levels of wealth,
inflation and interest rates, as all having a direct

influence. Social and work attitudes are also important.

In order to predict the target size of workforce, and
appropriate levels of manpower movement, a battery of
indices was developed. Social and work attitudes are
represented by introducing time lags into the economic
indices, such that next year's anticipated level of unem-
pPloyment might be expected to influence an individual's

decision to move, etc. As there is a need to project
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economic indices so that the relationship between the

shape of the economy, attrition levels and workforce

sizes may be statistically determined. The indices

chosen have to fulfil the following criteria:-

1. As a group, they must cover the most important
aséects of the economic/social climate in which
both the organisation and individuals make their
decisions.

2. The indices chosen must be ones about which
there are reliable forecasts which can be pro-

Jjected intc the future along defensible

premises.

Fifteen indices were included in the battery, and these

are listed below:-

1. An indexed score for the Gross Domestic Product
(1972 = 100) to represent national wealth.

2. An indexed score for the level of employment in
manufacturing industry (1975 = 100), to take
account of the national employment levels in
plants similar to the Manufacturing Plant which
is being simulated.

3. The unemployment rate for the year in question.

4. Unadjusted numbers for U.K. unemployment.

5. GDP rate for the year in question.

6. GDP rate for the previous year (to allow for a

one year lag in the effects of national wealth
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creation or diminishment).

7. GDP rate for two years prior to the year in

question (to allow for a two-vear lag).

s

8. GDP rate for one year hence (used to represent
a measure of apprehension or optimism about the
direction of the economy).

9. Level of company profits in the U.K. for the
year in question..

10. Level of company profits in the U.K. for the
preceding year.

11. Inflation rate for the year in question.

12. Level of company profits in the U.K. for the
forthcoming year.

13. 1Inflation rate for the forthcoming year.

14. Numbers of unemployed in the U.K. for the forth-
coming year.

15, Unit labour cost indexed at 1977 = 100.

Data need to be established for fhe yvears 1974 to 1980

so that they can be used to establish relationships with
fhe existing manpower movement data over this period.
There is also a need to establish data for the years 1981
to 1991 so that they may be used tc make predictions for
Subsequent manpower movement data. The data were
collected during the summer months of 1980, and reflect

the economic outlook for this period.

The relevant data for the predicted economic indices are
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included in Table 4.2. Predictions are taken from a
series of sources including economic projections from the
Treasury, the London Business School, Cambridge Economic
Policy Unit and the National Institute of Economic and

Social Research.

The picture is one of a sharp increase in unemployment,
with levels remaining high, and beginning a slow trend
upwards. The figures given for unemployment were derived
by Leicester (1977), and assumed a 2 per cent growth
rate. Before this level of growth is reached again,
Britain will have emerged from the present recession, and
this is not expected until 1982. Inflation is projected
to move down into single figures by 1983 and to remain
around that level throughout the eighties. There will
also be an immediate very sharp drop of employment Qithin
the manufacturing industries, which will recover slightly
in 1982, and then continue to decline persistently foll-

owing a long-term trend.

Predictions are always extremely hazardous, and the whole
scenario may be abruptly changed due to sudden world
events such as the oil shock experienced in 1974, or wars,
or major changes in the political system, and so on.
Although the indices until 1982 are fairly valid, and not
likely to be too disparate from actual events, indices
pProjected beyond this point must, of course, be subject

to considerable limitationse
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4.4.2: Methodology employed

The intention is to tést for correlations between the
economic/social indices and levels of manpower movement.
If sufficient significant relationships are found, then
multiple regressions will be used to establish predictive
equations. The statistical detail and procedures assoc-
iated with the use of multiple regressions with small
samples has previously been discussed in Section 3.5.2.2.
The projected economic/social indices shown in Table 4.2
will be inserted into the predictive equations established

to derive estimates for future manpower movements. Three

dependent variables need to be predicted. These are:-
1. The target size of workforce.
2. The percentage level of attrition through
voluntary turnover.

3. The percentage level of attrition through early

retirement.

Reference to Figure 4.1 shows that, before the model
adjusts for the final size of the workforce by using
either compulsory redundancy or recruitment at the

bottom of the hierarchy of personnel operations, an est-
imate is also needed for the percentage level of attrition
through voluntary redundancy. Unfortunately, as described
in the last chapter, only one voluntary redundancy prog-
Tamme was practised over the period, 1974 to 1980. It

is, therefore, not possible to use multiple regressions

to predict attrition levels for voluntary redundancy, so

a static rate will be assumed.
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4,4.3: The problem of multicollinearity in the

economic/social indices

Section 4.4.1 shows historical data for a battery of

fifteen economic/social indices which are to be used to
establish an association between the magnitude of man-
power movements and the national economic/social environ-
ment. Bartholomew and Forbes (1979) point out that,
whilst correlational methods are very versatile and
provide an attractive way of using historical data to
establish manning requirements, the most ignored problem
is that of multicollinearity in the database. Kim and

Kohout (1970a) specify this problem. Extreme collinearity

exists when intercorrelations are in the range of 0.8 -
1.0, and use of such confounded data increases the like-

lihood of statistical artefact.

A check was made for multicollinearity in the database

of fifteen economic/social indices by correlating each
with the others. fhe results are shown in Table 4.3
overleaf. 16.2 per cent of the intercorrelations fall
within the extreme range of 0.8 - 1.0 specified by Kim
and Kohout(197oa), Therefore, the data need to be trans-
formed to form a more suitable correlational base.
Bartholomew and Forbes (1979) suggest that the most
appropriate way to tackle this problem is to carry out

a principal components analysis, and to use the principal

component composite scores as the predictive variables.
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4.4.4: Principal components analysis on the fifteen

economic/social indices and the production of an
appropriate correlational base

4,4.4.1: Statistical methodology

The purpose of the factor analysis according to Burt
(1940) is the "orderly simplification" of a number of
interrelated measures by identifying and classifying the
scores in an attempt to make them more intelligible.
Child (1970) explains that the common language which all
the measures have is their variance (an index of the
dispersion of scores), which may be either common or
unique., Common variance accounts for the intercorrel-
ations between measures. The primary aim of factor
analysis is to discover these common factors by taking
out as much common variance as possible in the first
factor. Subsequent factors are intended to account for
the maximum amount of the remaining common variance,

until hopefully no common variance remains.

The relationship within a series of measures is given as

follows:-

v = % + %
T c u

Total variance Common Unique

of a test variance variance

The common variance (Vc) may be spread out across several
factors, so that, strictly speaking, A consists of

. h bol;, V and so
Vcl + Vc2 + Vc3 + e + Vén Each symbol, c1

forth, represents the variance in each factor up to the

last common factor vcn (where n is the total number of
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common factors).

The total variance (VT) is made equal to 1. Therefore,
vcl to VCn are made té represent specific proportions of
the total variance. The loading of each of these factors

is taken as the square root of the variance (the equiv-

alent to a standard deviation).

Iwo basic models are applied. A factor analysis takes
account of some of the unique variance, whereas a princ-
ipal components analysis ignores the unique variance.

In a components analysis, the unique variance is merged
with the common variance. A principal components analysis
is performed when no estimate of the common variance is

known.

Up to 'n' factors can be derived depending upon the
common variance within the series of measures. This
factor can be one of three types:-

1. A general factor, where all the measures anal-
ysed possess a significant amount of the factor
variance.

2. A group factor, where a number of the measures
posseés a significant amount of the factor

variance.

3. A specific factor, where only one of the measures
significantly loads on the factor. This sort
of factor is really tapping unique and not

common variance.
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Every measure has a loading on every factor, depending

upon the extent to which it possesses each type of
common variance. Clearly, then, the interpretation of
a factor, or principal components analysis critically
revolves around two criteria:-
1. How many of the 'n' common factors represent
meaningful common variance?
2. Which measures significantly load on each

factor??

There are minor differences between researchers as to the
best grounds for halting extraction of factors. However,
in considerable use at present is Kaiser's criterion
suggested by Guttman and adopted by Kaise:f Only factors
having latent roots greater than one are considered as
common factors. When there are.less than twenty measures
used, there is a slight tendency for this criterion to
extract a conservative number of factors. It is consid-
ered by Child (1970) as the most appropriate criterion

to apply with principal components analysis, and is,

therefore, adopted for this research.

Finally, we have to decide which factor lagdings are
worth considering once factors are considered signif-
icant. Factor loadings are, in effect, correlation
coefficients, and decisions may be made on this basis.
However, the use of such a set rule does not make any

adjustment for the number of measures entered into the
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analysis, nor for the factor under consideration. Burt

(1952) showed that, as one progresses from the first to
the last factor, it ghould become harder for a measure

to load on the factor, because with principal components
analysis, more unique variance intrudes into the later
factors. Burt and Banks devised a formula to adjust the
level of siénificamce depending upon the sample size,
number of measures incorporated, and the number of factors

considered.

Standard error Standard error ( n )
of a loading - of a (Nn+1l-r )
deemed to be correlation:

significant

where n the number of measures in the analysis

= the factor number

The standard error of the correlation is obtained from
Appendix B in Child (1970). The value is governed
according to the sample size and the alpha level required.
An alpha level of p<.01 is adopted for loadings in this

researche.

4.4.4.2: Results of principal components analysis

The analysis yielded four factors which satisfy Kaiser's
criterion. Together they account for 95 per cent.of the
total variance. The eigenvalues, individual and cumul-
ative percentage accounted for by the four factors are

Presented in Table 4.4 overleaf.
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Factor Number Eigenvalue % Variance Cumulative %

1 7.25230 48 .3 48.3
2 3.42402 22.8 71.2
3 2.48079 16.5 87.7
4 1.08732 7.2 $5.0

TABLE 4.4: EIGENVALUES AND VARIANCE FOR THE FOUR FACTORS
UNDERLYING THE ECONOMIC/SOCIAL INDICES

The aim of the principal components analysis is not to
provide any psychological or economic interpretation of
the factors, but rather to create a mathematical base
which does not exhibit collinearity. The composite
factor scores for the four factors should represent a
suitable base for the multiple regressions. Table 4.5
overleaf shows the factor score coefficients for the
fifteen economic indices on the four significantly

loading factorse.

Kim (1970) suggested that it is preferable for all var-
iables on a factor to be incorporated into the composite
factor score. This method of including all variable
coefficients has the advantage over employing only those
variables with substantial loading in that the smaller
loading variables will affect the composite scale through
their intercorrelations. The complete method favoured

by Kim (1970), and employed in this study, treats the low
loading variables as suppression variables to give the

best estimate for each factor.
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VARIABLE FACTOR 1 FACTOR 2 FACTOR 3 FACTOR 4
ECON1 0.09522 -0.14359 0.12551 0.09052
ECON2 ~0.15895 -0.08434 0.06737 0.01456
ECON3 0.15859 0.13321 0.04489 0.00003
ECON4 0.15094 0.08488 -0.02286 -0.10075
ECON5 0.00948 0.00640 . 0.30277 -0.01711
ECONG -0.11945 -0.31187 -0.07998 -0.32378
ECON7 0.01610 0.02212 0.09292 0.71765
ECONS 0.01084 0.25061 0.11007 0.02799
ECONO ~0.00048 -0.09758 0.39957 0.21679
ECON10 0.11937 -0.09696 0.10489 0.17918
ECON11 0.02495 0.31408 -0.15915 -0.11467
ECON12 -0.04037 0.11140 0.19642 -0.13373
ECON13 ~0.10091 0.00706 -0.00143 0.29170
ECON14 0.14473 0.05540 -0.15436 -0.00844
ECON15 0.11862 -0.08548 -0.03142 0.06734
TABLE 4.5: FACTOR SCORE QOEFFICIENTS FOR THE FIFTEEN

ECONOMIC INDICES ON THE FOUR FACTORS

For each year, the composite factor scores are calculated

as follows:-

For i = 1 to 15 economic/social indices

Index for (i) = Mean of Index (i)
Standard Deviation Index (i)

Factor Score =
Coefficient

x Coefficient for Index (i)
from factor solution

(
X
(
(
(
The economic/social indices presented in Table 4.2 are
transformed into four composite factor scores for each
year. These composite factor scores are presented over-
leaf in Table 4.6. These data provide the base for the
multiple linear regressions. The independent variables
which the factor scores represent are now orthogonal as

Table 4.7 shows.
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YEAR

1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1986
1990
1991

TABLE 4.6

FACTOR 1

FACTOR 2 FACTOR 3 FACTOR 4
-1.7626 -1.0814 -0.7519 -0.3862
-0.6440 1.3089 -0.3056 1.6001
~-0.0424 1.2019 0.1663 -1.0599
0.1055 0.2204 0.6799 -1.1963
0.3117 =0.2935 1.4030 0.4774
0.6258 =1.2342 0.4465 0.6969
1.4060 -0.1220 -1.6382 -0.1219
2.,0173 1.7550 -1.0768 -0.7405
262453 1.1085 0.1261 ~1.6298
2.9147 0.7087 ~0.0671 -1.3031
3.3373 1.1587 0.1581 ~0.3081
3.7479 1.1989 0.2690 =0.6667
4.0779 1.2776 0.2896 ~0.5092
4.5005 1.5809 0.2140 ~0.4268
4.8822 1.6884 0.2112 -0.4308
5.2638 1.7958 0.2081 ~0.4347
5.6564 1.9078 0.2130 -0.4362
6.0401 2.0116 0.2136 -0.4380

COMPOSITE FACTOR SCORES DERIVED FRCM THE

FIFTEEN ECONOMIC INDICES FOR THE YEARS 1974 TO 1991

FACTOR
1 2 3 4
1 1.00000 | 0.00001 0.00003 0.00002
| ;
21 1.,00000 k0.00003 [|-0.00002
FACTOR

3| 1.00000 [~0.00001

4 | 1.00000
TABLE 4.7: INTERCORRELATIONS BETWEEN THE FOUR COMPOSITE

FACTOR SQORES FOR THE PERIOD 1974 TO 1980
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4.4.5: Correlations between economic factor scores and
dependent manpower movements

The various attrition rates and workforce sizes for the
six occupational functions over the period 1974 to 1980
have been established in the previous chapter; These
data are now correlated with the data for the four econ-
omic factors shown in Table 4.6. Two-tailed Pearson
Product-Moment correlation coefficients are used and the
results of the testing are summarised overleaf in Table

4080

Eighteen sets of correlations are produced. The four
factors are correlated with three dependent variables
(target size of workforce; level of voluntary turnovers;
and level of early retirement) for each of the six
occupational funétionsc In eleven out of the eighteen,
at least one of fhe fourlunderlying economic factors
correlates significantly with the dependent variable
(using an alpha level of p<.05). It is, therefore,
assumed appropriate to use the four economic factors as
a base from which to derive multiple regressions for the

three dependent variables.

4.4.6: Results of multiple linear regressions to predict

manpower movements

Eighteen forward stepwise multiple linear regressions
Were calculated using the same methcdology as detailed
in Section 3.5.2.2. Table 4.9 summarises the results.

. 2
Detail is provided for the multiple r”, the F value
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associated with this (and degrees of freedom), and the
" level of significance of the result. The statistical
details of the multiple regressions along with the pre-
dictive equations, are included, for reference, in

Appendix 11.

Using an alpha level of p<X.05, fourteen of the eighteen
equations can be accepted as significant. Four equations,
those for higher management target size and level of

voluntary attrition, technical voluntary attrition, and

supervisory early retirement, must be rejected and an
alternative relationship established before any estimates

are made.

4.4.7: Results of multiple linear regressions using Log
Base 10 transformations of- the parameters as the
dependent variable

The previous section has shown that 78 per cent of the
required dependent variables have been estimated signif-
icantly using a linear relationship between them and the
composite economic factor scales. Four variables, how-
ever, do not illustrate any simple linear relationship
and an alternative relationship must be found. Multiple
linear regressions may still be used if the dependent
variable is transformed (Kim & Kohout, 1970a). .
Consequently, the data for the four remaining parameters
were transformed to Log Base 10 which reduces an expon-
ential relationship to a linear base. Four multiple

linear regressions were calculated on these transformed
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data using the same methodology as before. The results

are shown below in Table 4.10.

0.9117
Higher Management F=10.33
Target Size (3, 3)
p<.05
Higher Management 0:536?
Voluntary Attrition 5"54'63
Technical 2:3i030
Voluntary Attrition N*S ‘
0.7521
Supervisory F=12.14
Early Retirement (3, 2)
p<.05

IABLE 4.10: STRENGTH OF EFFECT AND SIGNIFICANCE OF THE
FOUR PREDICTIVE EQUATIONS USING LOG BASE 10 PARAMETERS

A further two of the dependent variables have been signif-
icantly estimated by reducing their exponential relation-
ship to one which can be predicted linearly. Two
variables, however, have remained unpredictable. These
are the level of voluntary attrition in both the higher
management and technical occupational functions. A
static rate of attrition based upon the average over the
Previous six years will be assumed for these two
variables. Any resulting error will be represented by

the invalidity of the projected OA/S structures. Checks

will be made for both the validity and reliability of the




whole technique before any projected data are considered.

4.4.8: Standard error of estimates; prediction accuracys
and the need for five alternative sets of
projections

The amount of prediction error within the eighteen mult-
iple regressions has already been examined using the
adjusted r? statistic. However, given the importance of
the statistical estimates, an assessment of their pre-
dictive accuracy based upon the absolute amount of
explained or unexplained variation is required. The most
widely used statistic for this purpose is the standard
error of estimate (8= population estimate; B = sample

estimate).

Standard Error = Z(Y-Yl)z/(Naz)
of B - D2
L(X=X)

(from Kim & Kohout, 1970a)

where Y = actual parameter value
Yl = predicted parameter value
X = predictor value
N = number of cases

The standard error of estimate is simply the standard
deviation of actual dependent variable values from the
pPredicted values. Since B is estimated from a single
sample, its value theoretically varies from sample to
sample. In order to generalise the sample estimates to
the population as a whole, a range of estimate values
Must be provided upon which we can give a statistical

confidence limit. For a large sample size, the values
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of B approximate to a normal distribution. However, for

the low sample sizes as employed in these multiple

regressions, the t distribution is required.

acy levels for the eighteen multiple regressions are

derived as follows:-

Target size = Sample + 2.36 x Standard error
of workforce estimate of estimate
estimate A
(N=7) -
Attrition = Sample + 2.45 x Standard error
level estimate of estimate
estimates :

(N=6)

There is, in essence, a confidence range associated with

each estimate.

by an upper and a lower limit between which we can

confidently (p<.05) say that there is a significant

relationship.

must be made which utilise not only the sample estimates

The accur-

The sample estimate must be complemented

Therefore, in using C.A.S.T., projections

drawn from using the predictive equations in Appendix 11,

but also the upper and lower confidence limits. ' This

leads to five logically extreme sets of dependent vari-

ables.
1.

2

These are listed below:-

Sample estimates

Upper population size of workforce with upper

population levels of attrition

Upper population size of workforce with lower

population levels of attrition

Lower population size of workforce with upper

population levels of attrition
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5. Lower population size of workforce with lower

population levels of attrition.

Therefore, projections for each occupational function
should be made using these five sets of dependent véri@
ables, which cover both sample estimates and estimates
from the upper and lower level of the population from
which théy are drawn. A decision will then have to be
made as to which of the five sets of projections should
be considered as representative of the future OA/S
structures. The sample and population estimates for each

of the six occupational functions now need to be detailed.

4.5: SAMPLE AND POPULATION ESTIMATES FOR FUTURE SIZE OF
WORKFORCE AND LEVELS OF ATTRITION IN THE SIX
OCCUPATIONAL FUNCTIONS

The sample and population estimates are presented over-
leaf in Tables 4.11 to 4.16, for each of the six occup-
ational functioﬁs. The estimates are based upon

applying the predictive equations (in Appendix 11) to the
future levels of economic factor scores (see Table 4.6) .
Upper and lower population estimates are derived by using

the standard error of estimates for each sample estimate

(see Section 4.4.8).

4.5.1: Higher management

The estimates within higher management over the next ten

years can be characterised by the following points:-
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Numbers in workforce: There will actually be a
slight increase on present numbers throughout
1981 and 1982 as the recession works its way
through. Howe§er, as there is a recovery in the
economy and organisational climate, these
numbers will, as in the past, begin to decline.
The slow growth rates of 1983 and 1984 will be
accompanied by a slow decline in the number of
higher managers required. Once a 2 per cent
growth rate is assumed, then these numbers will
decline at a faster rate, resulting in there
only being a demand for 67.4 per cent of the

1981 workforce by 1991.

Voluntary turnover: Because a linear relation-

ship was not found, an averaged static rate of

2.63 per cent has been calculated.

Early retirement: The demand for early retire-

ment is seen to increase consistently throughout
the 1980's. In the past, early retirement has
been the major tool used within this function

to reduce numbers in the workforce (r=+0.8813,
p<.010). 1If present personnel policies and
attitudes remain unchanged, this would necess-
itate early retirement rates averaging at around
1.84 per cent throughout the next decade. The

simulation technique will attempt to fulfil
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40502:

1.

these 'quotas' using the appropriate age/service
behaviour patterns associaﬁed with early retire-
ment. However, it is possible that these
'quotas' will not be fulfilled. The behaviour
patterns asscciated with early retirement do not
only represent biographical descriptive data,
but alsoc are a psychological measure of an
individual's "propensity to decide" on early
retirement. If not enough individuals could be
induced to 'decide' to take early retirement
(simply because, given people's propensity to
leave or not, the percentage of those within the
appropriate region of the age/service structure
is not enough), then the simulation will allow
all those who would be expected to leave to do
soy; note that the prédicted number did not and
bring in the appropriate personnel policies to
compensafe for this. Throughout all this oper-
ation, the age and length of service patterns

will be validly represented.

Middle management

Numbers in workforce: The estimates are shown

in Table 4.12 overleaf. During the first couple
of years of projection, the numbers will
increase slightly. By 1982, numbers will, once
more, begin to decline, such that there will be

a 3.07 per cent reduction in the size of the
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405.3:

1.

workforce by 19891,

Voluntary turnover: Initially, movement out of

the function will be small. Whilst the
depression continues, very few middle managers
will voluntarily leave. However, as the economy
begins to recover, (predicted for 1982 at the
time of study), then levels of turnover slowly
increase until 1986. Thereafter, turnover again

diminishes.

Early retirement: Here the situation projected

is much more controllable. The levels of early
retirement Qill diminish to very small levels
until 1982, again whilst there is a depression.
By 198§, they begin to increase, and early
retirement is projected to play a more important

role in personnel planning as the decade passes.

Skilled manual function

Numbers in workforce: The period 1980 to 1983

will see a very sharp decline in the numbers
required. Lagging two years behind growth in
the economy, the benefits of the recovery from
the recession are expected to lead to an
increase of numbers in 1984. However, after
this temporary increase in demand, the need for

a smaller and smaller industrial workforce will
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1.

return. By 1991, it isg expected that only
66.35 per cent of the 1981 numbers will be

required.

Voluntary turnover: The levels of voluntary

turnover expected will be relatively low, and
will fluctuate around 0.79 ber cent. This will

force a high demand for early retirement.

Early retirement: Given the demand for a

smaller and smaller workforce, but the relat-
ively static and low levels of voluntary turn-
over, the need for early retirement to supply
the required leavers will markedly increase.
Demand will consistently increése throughout the
decade. However, the levels projected are so
high that, as with the higher managers, it is
unlikely that there will be enough takers, and
other policies such as voluntary and compulsory
redundancy will probably need to be employed in

the skilled manual projections.

Technical function

Numbers in workforce: The numbers in the work-

force are anticipated to grow over the next few
Vears, with a particularly marked increase in
demand in 1984. From this point onwards, the
numbers will remain 5.48 per cent above 1981

levels.
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4.5.,5:

1.

Voluntary turnover: This is the second projec-
tion where the relationship between the envir-
onment and the levels of attrition was not

linear. Consequently, an averaged static rate

of 2.67 per cent has been assumed.

Early retirement: Projected rates will fall

slightly during 1981 and then start a rapid

increase up to a rate of 7.16 per cent by 1991.

Supervisory function

Numbers in workforce: There will be a slight

increase in demand for supervisors during 1981,
but as there is éﬁ economic recovery, the demand
slackens and there will be a gradual whittling
down of the numbers required. By 1991, only
74.71 per cent of the 1981 workforce will be

required.

Voluntary turnover: In the longitudinal analysis

of change in Chapter Three, it was pointed out
that the supervisory function represented a
zero-recruitment function, and also that levels
of voluntary turnover were minimal. Reduction
in the size of the workforce was only achieved
by compulsory redundancy. The projected
scenario for the 1980's is the same, with vol-

untary turnover effectively operating at zero.
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Early retirement: The role of early retirement

increases during the recession. The supervisory
function is the oldeét function to be projected,
and by 1982, the associated levels of early
retirement are expected to increase to a level
of 4.47 per cent. After this point, the level
of early retirement decreases as the numbers are

reduced at a slower rate.

Clerical function

Numbers in workforce: Until 1982, a fairly

drastic slimming of the workforce is projected,
as the recession will bite deeply into clerical
numbers. However, as the business environment
becomes more favourable, there will be a cont-
inual build-up of numbers throughout the decade,
so that by 1991, the workforce will have

expanded by 19.08 per cent from 1981 levels.

Voluntary turnover: The projected figures for

voluntary turnover suggest that there will be a
problem over the decade. Whilst the demand for
numbers slackens, so do the expected levels of
voluntary turnover. This suggests that there
will be a call for complusory redundancy
policies during this period. As the economic
and organisational climate improves, voluntary

attrition vanishes.
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3. Early retirement: The need for early retirement

is minimal as demand for clerical staff is inc-

. reasing.

4.5.7° Summary of estimates

The estimates described are those from the sample. There
is some latitude in these estimates across population
limits, and these will also be used to project OA/S
structures. The actual shape of these projected OA/S
structures is based upon a series of assumptions:-

1. That the projected future economic/social indices
detailed in Table 4.2 are correct.

2. That the application of the regression equations
(based on 1974 to 1980 data) to a different set
of economic data (where indices go beyond the
initial sample values) will not invalidate the
estimated values.

3. That the present attitudes, practices and per-
sonnel policies (reflected in the age/service
behaviour patterns and personnel hierarchy
within C.A.S.T.) do not change markedly over the

decade.

Clearly, a newly-developed model based upon such untested
assumptions needs to be carefully evaluated in terms of
its validity and reliability before any analysis may be
madé upon its projected data. This process of checking

N validity and reliability forms the next chapter, and
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actual projections are discussed in Chapter Six. First
of all, however, the mechanisms of the model and the
methodology under which it will operate, will be SuUmmar-

ised.

4.6: A SUMMARY OF THE COMPUTER AGEING SIMULATION
TECHNIQUE (C.A.S.T.) AND THE METHODOLOGY EMPLOYED
IN ITS OPERATION

4.6.1: A clarification of the variables manipulated by
the model

Figure 4.2 overleaf summarises the development of
CsA.S.T. Circles in Figure 4.2 denote information or
data inputs to the system. Pointed rectangles denote
analytical processes, and normal rectangles denote the
output from such analyses. The system revolves around
seven inputs:-

1. Historical data for a battery of fifteen econ-

omic/social indices is factor analysed to

produce a series of underlying scores which

quantify the outside environment which surrounds
manpower movement.

2. Future predictions for these same economic
indices are then input, and converted into
future underlying scores using the principal
components factor equations.

3. The historical factor scores are entered into a
series of multiple regressions against historical
data for a series of parameters for manpower

movements. The three parameters which are
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regressed are the target size of workforce (a
demand parameter), and the levels of voluntary
turnover and early retirement attrition (supply
parameters). The multiple regression equations
are then applied to the future economic factor
scores to produce a series of estimates for the
parameters under a range of sample and popul=-
ation confidence limits.

A series of age/service behaviour patterns is
calculated from a historical analysié of five
types of manpower movements.

The internal policies of the organisation are
represented as a hierarchy of personnel decisions
which introduces a priority into the practice of
the five types of manpower movements.
Theoretical discussions of manpower models
express the centrality of decisions made by
either the organisation or the individual.

These decisions (oberationalised as the age/
service behaviour patterns practised under a
hierarchy of personnel decisions) are placed
within a framework of either organisation or
individual control whereby influence may be
exerted on the age/service behaviour.

Finally, the present manpower stock is fed into
C¢A.S.T. which simulates the anticipated man-
pPower movements (drawing upon the previous six
inputs) and calculates the future manpower stock

with its associated OA/S structure.
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4.6.2: The economy-related predictions as governors of
demand and supply

smith (1971) suggested that there.are three main features
of manpower planning which depend upon the varying
degrees of sophistication and emphasis the company gives
to corporate planning. These features are:-

1. Demand work - which includes the analysing,

reviewing and attempting to predict the numbers,
by kind, of the manpower needed by the organ-
isation to achieve its objective. Tﬁis feature
of planning was incorporated into the model by
the use of a battery of economic indices to
determine the relationship between the observed
numbers within specialised functions, and the
environment of the time. This series of
relationships were statistically determined at

a confidence level of 95 per cent based upon a
seven-year time period. Using the expected
indices for the next eleven years, the relation-
ships were applied to determine the manpower
Ademands on the functions and these figures were
then treated as target workforce sizes. The
system also took account of Smith's (1971)
second feature, which is:-

2. Supply work: This includes attempting to pre-

dict what action is and will be necessary to
ensure that the manpower needed is available
when required. This aspect of planning was

again established by determining the observed
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statistical relationship between the various

economic indicators and the relevant levels of

manpower movement (level of voluntary turnover

and early retirement) based upon six years of iﬂfg

data. These relationships were also applied,

and the projected supply side of the system was
thus established.

3. The third main 