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INTBODDCTION 

It is recognized that people are valuable to an 

organization. The value of an organization is derived from 

the ability of the employees to render services that have 

economic value. It costs money to recruit and train a 

workforce to the point where it becomes a smoothly 

functioning team, and though it is generally accepted that 

people are an economic resource at least as important as 

mechanical eguipment, few organizations attempt to account 

for their human resources. In spite of the comments in many 

annual reports that "people are our most important assets," 

it is futile to look for a valuation of these assets in the 

report. Conventional accounting systems treat investments in 

human resources as expenses rather than assets, so there is 

no encouragement for a manager to work toward an increase in 

the value of those human assets, even though it is known that 

this value can be appreciated or depleted as a result of the 

way people are managed. 

In an effort to correct these inequities, attempts have 

been madi= to measure the value of an organization's human 

resources. During the past decade, there has been a growing 

interest in the idea of accounting for people as 

organizational resources (17). This interest has led to an 

emerging field of research known as "Human Resources 
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Accounting." Since there is a growing awareness of the 

importance of people to organizational effectiveness, the 

significance of study in this area can only increase in 

relevance, especially in employee-intensive organizations 

including industrial as well as universities, hospitals, 

athletic teams, and consulting firms. 
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LITERAIURE REVIEW 

Research has been concerned with answering questions 

such as those that follow. Shouldn't employees be treated at 

least as well as capital equipment, by providing for their 

maintenance and depreciation (9)? What is the value of the 

human resources in an organization (17) (18)? If a 

functioning organization had to start up tomorrow without any 

trained employees, what would be the cost (32)? What is the 

cost to the company of a terminated, quit, or transferred 

employee (1) (39) (40) (41)? Would there be any significant 

difference in management decisions if the value of human 

resources were known (12)? 

Flamhcltz (17) organized human resource research into 

three general categories: human resource value theory, 

measurement of human resource cost and value, and 

applications of human resource accounting in organizations. 

In relation to the theory, he said it is proceeding from two 

different directions- One as an outgrowth of studies on 

organization and leadership at the University of Michigan's 

Institute for Social Research (39) (40) (41) . This is an 

attempt to develop a model of the determinants of a group's 

value to an organization. The other approach by Flamholtz 

(19) is an attempt to develop a model of the determinants of 

an individual's value. 
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The Michigan effort, under the leadership of Likert (32) 

has been directed toward a discovery of the organizational 

structure and the principles and methods of leadership and 

management which result in optimal organizational 

performance. He has formulât=d a model of the variables which 

determine the effectiveness of a human organization and has 

suggested that the model reflects the human resource value, 

likert suggests it is probable that after sufficient research 

has been done and sufficient data and experience obtained, it 

will be feasible to do human asset accounting similar to the 

way that standard costs are now used to estimate the costs of 

new products and that flTK (Methods-Time-Measurement) is used 

to set a standard time for the performance of a task. 

Pyle (6) (jy) (40) (41) , as Director of the Human 

Resource Accounting Program at the Oniversity of Michigan, 

has determined the costs of the human resources such as 

recruiting, hiring, training, experience and development and 

has applied his approach at the E. G. Barry Corporation. 

Human resource costs are identified and separated from other 

costs of the firm, then divided into categories such as 

recruiting, hiring, training and development. These costs are 

allocated among the managers according to the people 

supervised and rules have been set up for depreciating these 

assets over their expected useful life. With Pyle*s 

assistance, the S. G. Barry Corporation 1969 annual report 
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(39) contained industry's tirst published financial 

statements to include human resource data. Both the balance 

sheet and income statement carried two columns of figures, 

one conventional and one that reflected the human resource 

investment. 

Flamholtz (15) (16) (17) (18) (19) (20) has attempted to 

develop and assess the validity of a model ot an individual's 

value to an organization. He selected the individual since 

measures of individual value can, in principle, be aggregated 

in c£der to value larger units of people, where the reverse 

may not be possible. He proposed a system where estimates are 

made ot the time period during which a person is expected to 

render service to an organization, the service states which 

the person may occupy, the value derived by the organization 

if the individual occupies these states for a specified 

period ot time and the probability that a person will occupy 

each state at specified future times, stated more formally, 

E(S) = SIP (SI) + S2P(S2) + S3P(SJ) SnP(Sn) 

n 

SiP(Si) 

i=1 

where E(S) is the expected service. Si represents the 

quantity ot services expected to be derived in each state and 

P{Si) is the probability that they will be obtained. He 
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suggests that the system Is essentially a stochastic process 

with rewards and defines a stochastic process as a natural 

system that changes in time in accordance with the laws of 

probability, where the rewards are the earnings of the 

system, and the state is the position currently occupied by 

the individual. According to Flamholtz, to measure an 

individual's value to an organization it is necessary to 1} 

estimate the time period during which the person is expected 

to render services to an organization since all values must 

be on a present worth basis; 2) identify the service states 

that the person may occupy; i) measure the value expected to 

be derived from an individual if he occupies the state for a 

specified time period; and 4) estimate the probability that a 

person will occupy each state at specified future times. 

Since expected services are difficult to estimate, he 

suggests surrogate measures of individual value such as 

acquisition cost, replacement cost, performance appraisals, 

salary compensation or commissions. Sadan and Auerbach (42), 

along with Jaggi and Lau (26), have built on this approach 

and proposed stochastic models for the evaluation of human 

resources in an uncertain environment. 

Bekimian and Jones (22) have suggested a system of 

competitive bidding for people within an organization to 

establish their value. Managers bid for any employee they 

need within the company and the bid is included in the 
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winning bidder's investment center asset base. By placing a 

value on both the physical and human assets, it is possible 

to calculate a return on investment for each investment 

center. A successful low bid is the most desirable since the 

manager must carry the asset value in the investment base. 

Lev and Schwartz (31) have proposed using discounted 

future compensation as a surrogate measure of human resource 

value. A person's value is the present worth of his remaining 

earnings from employment. The estimated human capital value 

of a person y years old is: 

T I (t) 
Vy 

Z t-y 
t=y (1+r) 

where I(t) = annual earnings up to retirement 

r = a discount rate 

T = retirement age 

To determine the total value of a firm's labor force, they 

suggest it be divided into groups such as skilled, unskilled, 

engineers, salesmen, etc. Average earnings profiles, based on 

census data are compiled for each group and the sum of the 

present value of each group provides the total human capital 

value. If census data is not typical of a particular firm, 

then earnings profiles based on the firms own wage scale can 

be constructed-
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Operationally^ all ot the proposed strategies to human 

resource value contain problems yet to be solved. Pyle's 

approach sutters trom a lack ot detinition concerning the 

costs to be included in the investment. For example, what 

part ot the Personnel Department costs should be allocated to 

hiring? Is it legitimate to count the time spent by other 

managers in training a new man? Pyle, however, has a working 

system at the E. G. Barry Corporation and historical costs 

such as hiring and training have traditionally been used in 

financial statements since they are readily verified. 

Flaaholtz* model otters an overall approach to 

individual valuation, but his need to measure the value 

derived by an organization it an individual occupies a 

particular state tor a specified period ot time is difficult 

to fulfill since the determinants ot value at this time have 

not been defined. Hekimian and Jones' system ot competitive 

bidding is interesting, but probably not one that most 

managers would take seriously, since it has the flavor of 

game-playing. Lev and Schwartz* proposal of discounting 

future earnings is based on salary as a surrogate measure of 

value, whereas other measures might be more valid. The Likert 

model has had no test for validity as a set of determinants 

of the value of the human organization (17) . 
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OBJECTIVES 

In principle, the value of people to an organization is 

the present worth of the future services they are expected to 

render (17) (34) . Currently, the development of human 

resource value theory is proceeding from at least two 

different directions (17), but expected service life is a 

common prcblem. Plamholtz stated (17), "To measure a resource 

value, it is necessary to forecast its expected service life 

(the valuation period) and estimate its expected future 

services. For a monetary valuation, expected future services 

must be translated into monetary terms and discounted to 

their present value," 

The emphasis of this research then, was on the resource 

valuation period and expected service life. Specifically, the 

ob-jectives were: 

1. Investigate the applicability of industrial property life 

analysis techniques to the estimation of human resource 

service life. 

2. Determine the extent that the Iowa survivor curves will 

adequately describe the service life characteristics of human 

resources. 

3. Determine the nature of the survivor curves obtained from 

actual hussaa resource retirement data. 
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4. Develop valuation models based on Engineering Valuation 

and Industrial Engineering concepts. 
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LIFE ANALYSIS 

Insurance companies have long used the statistical 

method of studying human deaths to determine life expectancy 

and insurance premium rates (34). Survivor curves of human 

beings have been used for determining insurance rates for 

seme 200 years, but only since 1902 have such curves been 

developed for physical property (34). 

The basic idea of life analysis is ro determine from 

historical records the dispersion of lives actually 

experienced in the past by the subject population, be it 

humans or physical property. The fundamental representation 

of this dispersion is a retirement freguency curve (Figure 1) 

which relates the number or percentage of retirements from 

some original placement to the property's age. 

Observed retirement freguency curve data usually is very 

erratic and hard to analyze, so a cumulative form, the 

survivor curve (Figure 1), is more commonly utilized. The 

survivor curve indicates the percentage of an original 

placement of property that remains in service at ages zero to 

icaximum life. The retirement freguency and survivor curves 

are related mathematically as follows: 
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Let y- represent the decimal portion retired from an original 

placement in the i^^ aqe intervale Then 

n 
/_ Vf = 1.0 (1) 
1 = 1 

where n is the aqe interval in which the last survivor of the 

placement is retired. The cumulative retirement fraction, Rx, 

from an oriqinal placement over the time span from age zero 

to the end of the aqe interval would be 

Ex = 

y* x — 1f2,3f « « » f n (2) 

if x = 0 
if X = n 

Correspondinqly, the portion of an oriqinal placement 

remaininq in service at the end of the x^^ age interval would 

be 

X = 1,2,3, .,.,n (3) 
Sx = < 1.0 if X = 0 

if X = n 

which is the discrete version of the survivor curve. 

Retirement dispersion can also be represented in terms 

of a series of retirement ratios for successive aqe 

intervals. A retirement ratio for an age interval is the 

amount of property retired during the aqe interval divided by 

the amount cf property surviving at the beginning of the age 
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interval, or 

and a survivor ratio for an aqe interval is defined as 

s- = 1 - r- (5) 

The retirement ratios and survivor ratios are related to the 

survivor curve expression as 

X X  

Sx = SCTT (1-RR) = s OTP S ; (6) 
i=1 i=1 

These relationships may also be shown in terms of continuous 

functions. 

The primary use of the observed life dispersion pattern 

in any form is to measure life realized or to provide a basis 

for predicting remaining life. In valuation situations, 

remaining life is of interest since worth of remaining 

service is the obiecti^e. If the observed frequency curve is 

complete, that is, if it indicates the age at which every one 

of the original units was retired, a weighted average or mean 

life can be found. This life is known as the average service 

life in industrial property valuation situations. If this 

same dispersion pattern can fce assumed to be a good 

prediction of how the retirements will occur in the future 

from a new property group at age zero, the mean life 
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calculation is termed the probable average service life or 

the forecasted life ot the average or typical property unit 

at age zero. 

As mentioned above, the frequency curve form of 

dispersion data is hard to analyze so the survivor curve 

format is usually preferred. A complete curve would relate 

the percentage of the original property surviving rrom age 

zero to maximum age. The process of finding the weighted 

average of lives realized or to be realized described with 

respect to the frequency curve is analogous to finding the 

complete area under the survivor curve from age zero to 

maximum life and dividing this area by 100 percent, the 

percentage surviving at age zero. The area has the dimensions 

of percent-years, and dividing by 100 percent, the percentage 

of the property rendering the service, gives the length of 

service of the average or typical item, that is, the probable 

average service life in years. Life expectancy at any age is 

that period of time from the present age to the age when the 

unit will probably be retired from service. An estimate of 

expectancy for a typical unit at age x is determined by 

finding the remaining area under the forecasted survivor 

curve to the right of that age and dividing the amount by the 

percent surviving at age x. The probable life of an item or 

group of Items of the same age is, by definition, equal to 

the age of the property plus the expectancy estimated as of 
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that age. 

The retirement frequency curve corresponds to a 

probability density function where the area under the curve 

must equal one. Integration of the curve over an interval is 

the probability of some original placement of property 

retiring during that age interval. Retirement ratios 

represent the conditional probabilities of retiring during an 

age interval, having survived to the beginning of the 

interval. A point on the retirement ratio curve represents 

the probability of retiring, having survived to that point in 

time. 

Frequently, observed data which are to be utilized for 

making a life forecast are incomplete, that is, the age of 

the last retirement is not yet known, and the trend of the 

data is sometimes erratic. Plots of these incomplete data are 

called stub curves. Calculations giving estimates of average 

or remaining life need complete data, however, and are 

simplified if the trend of the curve is regular. Thus, 

observed data are normally smoothed and extended to maximum 

age prior to making life estimates. 

A commonly used technigue of smoothing and extending the 

survivor curve is to fit a polynomial to the series of 

observed retirement ratios by the method of least squares. A 

smoothed and complete survivor curve can be derived by 

inserting the retirement ratios determined for each age 
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interval frcm the polynomial into equation (6) - This amounts 

to starting with the amount installed and successively 

multiplying the amount surviving at the beginning of the age 

interval by one minus the retirement ratio for the age 

interval to obtain the amount surviving at the end of that 

age interval. 

The survivor or frequency curves can be plotted to a 

scale in age as a percent of average service life, which 

gives a basis for classifying the curves by their basic 

mathematical shape. A study reported in 1935 by Robley 

Winfrey at Iowa State University (49) resulted in 18 type 

curves divided among three families, the left modal group of 

6 curves, the symmetrical group of 7 curves, and the right 

modal group of 5 curves, the modes referring to the 

retirement frequency curves. Later on there were 4 more added 

corresponding to an exponential survivor curve, where the 

modal frequencies of the retirement frequency curve occur at 

or near the origin. Eguations for these frequency curves are 

available (49) and will be useful in the remainder of this 

research. 

These type curves are commonly referred to as the Iowa 

curves and are useful for at least two purposes: 

1. To smooth original survivor curves and extend stub 

curves. 

2. As an aid in determining probable life and life 
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expectancy. 

Tables of these curves may be found in (49) and (34) . 

Plant property records in the case of industrial 

property, or personnel records in this research, are the 

source of data for studying retirement experience. Separate 

accounts or records may be kept for each individual unit or 

two or more units may be combined into a group, called a 

vintage group. Lamp (28) describes a complete property record 

as one that would permit determination of at least the 

fcllowinq: 

1. The amount of property installed each year (i.e., the 

amount installed each year as a vintage group). 

2. The age at retirement of the property already retired 

from each vintage group. 

3. The total amount of property in each vintage group 

surviving at the beginning of each year (plant balance of 

each vintage group at the beginning of each year). 

Data that meet these requirements will be described as aged 

data in the ensuing discussion. 

The type cf property data available affects and 

sometimes determines the choice of methods for data analysis. 

Life ara lysis statistical methods are commonly divided into 

two categories which are dependent upon the available data: 
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turnover and actuarial. Actuarial methods include the 

retirement rate, individual unit, original group, composite 

original group and multiple original group, all giving 

probable average service life and the probable retirement 

dispersion pattern. The actuarial methods generally require a 

complete property record as described above. The turnover 

methods require data on the property installed and retired 

each year and the property balance each year. The simulated 

plant balance method is the cnly turnover method utilized in 

this research and it yields an estimate of probable average 

service alcng with a probable retirement dispersion pattern. 

In practice, retirement data usually results in an 

incomplete survivor curve, that is, one that stops at a 

percent surviving greater than zero. This stub curve must be 

smoothed and extended to zero percent surviving before 

average service life is computed. Extension of the curves can 

be accomplished by judgement, statistical curve fitting, or 

matching to standard curves (34) . The judgement method 

involves extending and smoothing the curve by eye along the 

most probable path. Statistical methods involve fitting 

equations to the data and include the Gompertz-Makeham, 

Heibull, and polynomial methods (23). Matching to standard or 

type curves involves use of a previously established set of 

type curves which are known to be representative in shape to 

those likely to be encountered. Some of these are the Iowa, 



www.manaraa.com

20 

Patterson, New York-h, and Gompertz-Makeham (14). The type 

curves are drawn on transparent paper and layed over the 

curve to be extended, which is drawn to the same scale. The 

stub curve is then extended to zero percent surviving along 

the path followed by the chosen type curve. 

Henderson (23) found that the so-called graphical 

methods which have only a finite set of curves fit data as 

well as, if not better than the mathematical methods which 

fit an infinite set of curves. 
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VALUATION OF HUMAN EESOURCES 

Several Engineering Valuation and Industrial Engineering 

concepts are useful in the valuation of human resources. 

Engineering valuation 

Marstcn, Winfrey and Hempstead (34) stated that the 

fundamental basis of the value of any specific property is 

the present worth, to the present owner, of the probable 

future services expected from the property during its 

probable future productive service life. They outlined the 

several approaches to the determination of property value. 

These can be compared with seme cf the. recent efforts at 

human resource valuation. 

1. Ihe original ccst of the property, adjusted for 

decreased usefulness and intangible elements. This 

represents the existing investment in the property and is 

similar Pyle*s approach (39) in his work at the R. G. 

Earry Corporation, where the costs of recruiting, training 

and development have been determined and then depreciated 

over their expected useful life. 

2. The replacement cost of the property, adjusted for 

decreased usefulness and intangible elements. Likert (32) 

has posed the question of the cost to start any existing 

organization from scratch with new, untrained people. 
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3. The earning value of the property. Past records of 

receipts and expenditures indicate probable future returns 

upon which to base the property value. 

4. The service worth value of the property. The 

forecasting of future returns. Flamholtz (19) has proposed 

a model where the expected value of future services is 

estimated. 

5. The market value of the property. Hekimian and Jones 

(22) have suggested a system of competitive bidding for 

people within an organization that would establish their 

value. 

Engineering economy 

Engineering economy has application when discounting 

future values to the present and in the consideration of a 

series that is changing by a constant amount or percent. 

Present worth Values that lie in the future are 

usually discounted when they are expressed as of the current 

time. A given sum of money in hand today is worth more than 

thé same sum to be received at some future date (34). Given 

an egual annual amount of money x for n years in the future 

at interest rate i, the present equivalent p = x( p/a )^ 
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(45). Given a future amount of money x, n years in the 

future, the present equivalent p = x( p/f . Tables of 

values for ( p/a ) ^  ,  (  p / f  )*• and others are available (45) . 
n M 

Any values established for human resources in the future 

should be discounted to the present time in this manner. 

Gradients Salaries or future services are likely to 

increase or decrease in the future by either a constant 

amount, q, or a constant percent, r. Methods have been 

devised to find the present equivalent of a series behaving 

in this manner (45). The present worth of a gradient, g, is 

given by p = g( p/g . The present worth of a constant 

percentage increase, r. may also be calculated. It can be 

shown that 

when r > i 

c 

(1+i) 

1+r 
where w 1 

1+i 

and c = the end of period amount that is changing 
fay the constant percent r. 

when r < i 

n 
(1+w) - 1 

w 
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c 
p u -
(1+s) - 1 

n 
:(1+r) w (1+w) 

1+i 
where w = - 1 

1+r 

îjçov chains 

Flamhcltz (19) provided a conceptualization of the 

individual valuation problem and called it a stochastic 

process with service rewards. He stated generally that 

E(S) = SIP(SI) + S2P{S2) + S3P(S3) 

or 

n 
E(S) = y_ SiP (Si) 

1̂ 1 

where E(S)= expected service to be derived 
from an individual 

Si = the quantity of services expected to be 
derived in each state or job 

P(Si) = the probability that an individual will occupy 
this state in a future time period 

Although this model has conceptual value, it lacks 

definition since the value. Si, depends on the length of time 

in the -job. To provide computational tractability, the 
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process can be defined as a Markov chain so that it will be 

possible to calculate the P(Si) and Si for fixed periods of 

time. A stochastic process is an indexed collection of random 

variables Xt, where the index t runs through a given set T 

(24). A Markov chain is a stochastic process which has the 

Markovian property. This Markovian property is equivalent to 

stating that the probability of any future event, given any 

past event and the present state X-^ = i, is independent of 

the past event and depends only on the present state of the 

process (24). The conditional probabilities P(X^^| =11 

= i) are called transition probabilities and this notation is 

read as the probability of the random variable X being in 

state i at time t+1, given that it was in state i at time t. 

If, for each i and i, 

+ , = 1 I = i) = P(X, = 1 I x* = i) 

for all t = 0 , 1 , . . . ,  

then the transition probabilities are said to be stationary 

and are denoted by . This means that the transition 

probabilities do not change in time. The notation p*?? is the 

conditional probability that the random variable X, starting 

in state i will be in state i after exactly n steps or time 

uni ts. 

The p!?^ must satisfy the following properties, 

p^'V > 0 for all i and i and n = 1,2, ... 
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M 
p.. =1 for ail i, n = 1,2, ..., and 
u H = the total number of states 

The transition probabilities are conveniently denoted in 

matrix form as 

MO MM 

for n = 1,2,. 

A full definition of a finite state Markov chain then, 

is a stochastic process that has the following properties 

(24) : 

1. a finite number of states 

2. the Markovian property 

3. stationary transition probabilities 

4. a set of initial probabilities, P{X^=i) for all i 

The Chapman-Kolmoqorov equations provide a method for 

computing any n-step transition matrix. It can be shown (24) 

that the matrix of n-step transition probabilities is 

obtained from the expression 

= P.P...P = P* = pp"'' = p"~' P. 

So the n-step transition probability matrix can be found by 

computing the n^*^ power of the one-step transition matrix. 
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Given the initial one-step transition matrix P, it is 

possible to calculate any n-step transition matrix. This 

means the probability of being in any particular state 0 to H 

after any step, n, can be readily calculated. 

Since it could be pertinent to human resource value 

application, the steady state -condition of Markov chains 

should be considered. If states i and j are ergodic and 

belong to one class, then it can be shown that the 

probability of finding the process in a certain state j after 

a large number of transitions tends to the value I Ij, 

independent of rhe initial probability distribution defined 

over the states. To show that all states belong to one class, 

that is communicate with each other, and are recurrent, that 

is 

^ Cn) 2_P,-- diverges, 
n= 1 

it is sufficient to show that there exists a value of n for 

which p^j' > 0 for all i and j. Ergodic states are recurrent 

states that meet the additional condition of having two 

consecutive numbers, s and (s+1), such that the process can 

be in state i at times s and (s+1). If these conditions are 

met, then in the notation of Hillier and Lieberman (24), 

lim p. . = TT-. 
n^CO J 

where theT/^'s satisfy the following steady state equations: 
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1. TTj > 0 

M 
2. TT; = ZÎTTP: ; for i = 1,2 

T̂ l t LJ î=1 
r • • • M 

M 

Substituting values for p-j into these equations and solving 

simultaneously provides solutions to the |)j*s, the steady 

state probabilities. 

If the random variables, , represent different jobs in 

an organization, the transition probabilities, represent 

the conditional probabilities of going from job i to job j 

after n periods, assuming that the employee will still be 

employed during period n+1, and a value, S, is assigned to 

the guantity of services expected to be derived in each job 

over a year's time t, it would be possible to calculate the 

present worth of expected service, E(S), to be derived from 

an individual during his expected service life. 

L M (n) 
Sj P«j for all starting jobs, i, 

M = total number of jobs, 

L = life expectancy - 1 

n=1 1=1 

The transition matrix, P, must be established by an 

organization, from an examination of past records, adjusted 



www.manaraa.com

29 

tor the future. Since stationary transition probabilities 

are assumed here, the pjj *s must be averages cf the 

probabilities of job changes including employees in all time 

stages ot a particular job. Unfortunately, the data for this 

research was in a form that made it inconvenient to extract 

inforaation on job changes. 

The value tor n, job life expectancy of an employee, can 

be established by life analysis techniques to be outlined 

later in this research. Sj, the quantity of service expected 

to be derived in each state or job over a year's time, is the 

worth of probable future services expected from that job. It 

is an estimate of the contribution of each job to the total 

quantity of services provided by the enterprise. Sadan and 

Auerbach (42), proposed another Markov solution to human 

resources valuation, where the expected contribution, Sj, was 

assumed to be salary since most decision-makers acquire 

production factors whose costs do not exceed their 

contributions. Each state contained an n-tuple signifying 

some significant classification information about the 

employee in the state such as age and salary. Jaggi and Lau 

(26) proposed a similar Markov solution except they included 

an additional row and column in the transition matrix for the 

probability of leaving the company and then continued the 

Iterations to steady state. 
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Most o± the HarJcov solutions discussed up to this point 

have used identical transition probabilities to govern 

successive transitions. However^ it is obvious that tor any 

individual or group ot employees, the transition 

probabilities will be non-stationary (2b) since the 

probability of moving trom one job to another is to some 

extent dependent upon the number of periods spent in the 

present job. An alternative and more realistic approach then 

would be to allow transition probabilities that can change 

±roa one time period to the next. Since the transition 

probabilities can change at each transition, there is little 

meaning to the idea ot steady-state probabilities in most 

cases. Then-step transition probabilities are found by 

multiplying together, in order, the transition probability 

matrices tor each ot the steps. 

It the transition probabilities are denoted in matrix 

form as before 

E»"' Pom 

fnl 
D 

PiÎM 

tor n = 1,2,.. 

except another column and row are added to denote the state 

representing exit of the employees from the firm, then a 

situation exists where life analysis would again be helpful. 
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since it would be expected, for example, that p^ > p^ but 

at some point p^"^ < p^"*'^the situation is analogous to the 
OO oo 

conditional probability of moving from job i to job j, after 

having survived in job i fcr n periods, until at some point 

the employee would exit from the firm and then = 1. At 

seme point in time depending on the company and job, the 

transition probability matrix would be expected to arrive at 

. . .  1 ~  

. . .  1  
. . .  1  
. . .  1  

. . .  1 _  

The conditional probabilities are exactly the situation 

represented by the retirement ratio curve (Figure 5) and the 

"bathtub" shape is also typical of physical property. The 

retirement ratio curves are the basis for establishing the 

non-stationary transition probabilities. 

0 0 
0 0 
C 0 
0 0 

Lo 0 
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EXPERIMENTAL PfiOCEDUEE 

Retirement characteristics of the personnel data 

provided by three large organizations were determined in 

several ways. 

General 

The applicability of industrial property life analysis 

techniques to the estimation of human resource service lives 

was tested by gathering actual employee data from the 

personnel departments of three organizations. Previously 

proven life analysis procedures were utilized in testing this 

data for average service life, the probable retirement 

dispersion pattern and an estimate of any discernible trends 

in the average service life. By actual use then, the 

applicability was shown. 

The extent that the Iowa survivor curves adequately 

describe the service life characteristics of human resources 

was determined by a two step procedure. First the 

best-fitting Iowa curve was found by either plotting the 

experimental survivor data and overlaying the actual Iowa 

curves to provide a visual fit or using computer programs 

Actiput, and Selec to fit the best polynomial to the 

retirement ratio curve, convert the polynomial expression to 

it's equivalent survivor curve, and find the best-fitting 

Iowa curve in a least squares sense. Second, the retirements 
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predicted by the best-fitting Iowa curve were statistically 

tested against the actual retirements to determine the 

goodness of fit. 

The nature of the survivor curves obtained from actual 

human resource retirement data, that is, any generalization 

that can be made concerning the type of Iowa curve most 

applicable, was determined in the process of comparing the 

actual data with the Iowa curves. The negative exponential 

tunction was also investigated as a possible human resource 

survivor curve model. Average service lives for the employee 

groups included in the experimental data were a by-product of 

the comparison between the Iowa and actual survivor curves. 

The majority of this research concerned an analysis of 

employee retirement and separation data provided by three 

large organizations in the insurance, manufacturing and 

public utility business. The types of employees covered were 

marketing, blue collar, career college graduates, engineers, 

mature females and clerical. The data itself showed the 

length of time employees stay with an organization, from the 

time they enter to the time of separation, whatever the 

reason; retirement, quit, fired, leave of absence, or laid 

off. 

The retirement analysis was accomplished by three 

different methods, depending in part on the form of the data 

as it was supplied by the organization. 
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1. Retirement rate. 

2. Original group. 

3. Simulated plant balance. 

In addition, seme attempt was made at mathematical curve 

fitting, although this has been adequately researched 

elsewhere (23). 

Retirement rate 

If aged data is available, this method of calculating 

survivor curves is much the test since it is based on the 

collection and compilation of the data of all property in 

service during a period of recent years, both property 

retired and that still in service (34). It involves sampling 

retirement ratios, the number of people retired during the 

age interval divided by the number of people surviving at the 

beginning of the age interval, from the various vintages that 

have property still surviving during the period of study. A 

better understanding of this and the original group method 

can be gained by looking at Table 1 which shows the form of 

the data that is input to several computer programs for 

analysis. 

An experience band shows the experience or retirements 

that have occurred during a band of years or a single year. 

For instance, referring to Table 1, in 1968 there were 150 

units in service at the beginning of the year, and 30 of 
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these retired daring the year. The retirement ratio in this 

instance is 30/150 = .20. Of the 30 retired units, 7 were 0 

to .5 years eld, 6 were .5 tc 1.5 years old, 7 were 1.5 to 

2.5, 4 were 2.5 to 3.5, etc. The half years arise because the 

original data shows the number of people hired during a 

particular calendar year. The first period with the company 

for a group then, is assumed to be a half year since some 

were hired before, and some after, midyear. In terms of 

people, the experience band will show the retirement 

experience of an organization during a particular year or 

band of years. Hew does the retirement experience of 197 2 

compare with 196 2? What is the trend of retirements since 

1562 that may help predict into the future? These are some of 

the questions that can be answered with a retirement rate 

analysis. 

Several existing computer programs (13) were utilized in 

the analysis of retirement rate data and are described 

briefly here. Actiput inputs aged data to computer storage in 

a form that can be interpreted by the remaining two programs. 

Output from this program is shown in Table 1. Another program 

called Tren for Trended Average Service Life performs rolling 

band and shrinking band analysis over a specified number of 

years. The analysis is conducted by fitting retirement ratios 

with pclyncmials from the first to third degree. A sample of 

this output is shown in Table 2. The last program is called 
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Selec for àveraqe Service Life and Dispersion Selection 

Program. The program conducts a series of up to five 

actuarial analysis by fitting a curve of retirement ratios 

with polynomials and then comparing the smoothed survivor 

curve resulting from this polynomial to the Iowa curves to 

determine the best fit in a least squares sense. The output 

consists of the Iowa dispersion best-fitting the data and 

average service life based on the smoothed curve as shown in 

Table 3, 

Retirement rate analysis followed this procedure: 

1. Draw stub survivor curves for experience bands 1970-72, 

67-69, 64-66 etc. in the same three year bands for all of 

the data so the retirement characteristics can be compared 

between the different organizations. 

2. Use computer programs Actiput, Tren, and Selec to fit 

the best pclynomial to the retirement ratio curve, find 

the Iowa curve of best fit, determine the average service 

life and analyze the trend of average service lives. In 

those cases where the Iowa curves, as determined by the 

Selec program, did not fit the data, the curves were 

matched by eye to the Iowa curves and the horizontal scale 

expanded when necessary. If the Iowa curves still did not 

fit, then the stub survivor curve was smoothed and 

extended using -judgeaent, keeping in mind that a maximum 
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Table 1. Historical arrangement of retirement data 

rrTrrrfji^tf»ttn>n*>«tgt<<»»irtnfïïrrntfi 

-ISTOftlCit ÛP m t s tA lITY DATA 
cep KEl 

PAGE 1 OF 

y e a :  

•.16 1 

i<;62 

1 9 6 3  

1 S 6 4  

IStâ 

ISfafc 

1 9 6  7  

1 9 6 3  

1 9 6 9  

1 9 7 0  

1 9 7 1  

PL4.\T ADD. 
CUM U. R = Tir.ÇD RETIRED 

3 = R v I C :  O U R I N G  F 3 C 1  T r i E S £  
1 YcA^ iOj[T!CNS 

jJ'VIVING PLANT qy AC E JINJASY 
«ÎTPeMENTS ThESÇ ccC4 

O.y 3  . 5  4.6 

t  7 .  

9 9 .  

1 2 t .  

1 3 9 .  

1 5 0 .  

1 5 5 .  

144. 

177. 

4 .  

7. 

1 1 .  

1 5 .  

2 4 .  

3 0 .  

2 3 .  

i O .  

2 1 « 

4 3 ,  

26 .  

TOTAL exPOSL^tS 

TCTAL RHTIRÇMÇSJTS 

2 7 .  
4 .  

3 1 .  
3 .  

3 j .  
5 .  

4 5 .  
4 .  

5 1 .  
4 .  

4 3 .  
9 .  

3 4 .  
0. 

3 8 .  
7. 
47. 

4 .  
3 6 .  
9 .  

3 8 .  
1 2 .  

' . 2  3 .  

6 9 .  

0 .  
0 .  

2 3 .  
4 .  

2 8 .  
4 .  

2 8 .  
6 • 

4 1 .  
1 3 .  
4 7 .  
1 4 .  
3 4 .  

3 .  
2 6 .  
6 .  

3 1 .  
6 .  

4 3 .  
1 5 .  
2 7 .  

5 .  

3 2 8 .  

7 6 ,  

j .  

1 9 .  
2 .  

2 4 .  
2 .  

2 2 .  
2 > 

2 8 .  
î .  

3 3 .  
6 .  

3 1 .  
7 . 

20 .  
2 .  

2 5 .  
5 .  

26. 
2 .  

2 3 0  .  

3 1 .  

0 .  
0 . 
0 .  
0 .  
J. 
0. 

1 7 .  
3 .  

2 2 .  
2 .  

2 0 .  
2 .  

2 5 .  
0 . 

2 7 .  
4 .  

2 4 .  
5 .  

18. 
0. 

2 0 .  
6 .  

1 7 3 .  

2 2 .  

0. 
0 . 
0. 
0 .  
0 .  
0 .  
0 .  
0. 
14 . 

3 .  
2 0 .  

2 .  
1 8 .  
3 .  

2 5 .  
3 .  

2 3 .  
2 .  

1 9 .  
2 .  

1 8 .  
3 .  

1 3 7 .  

1 5 .  

0 .  
0. 
0 .  
c. 
c. 
0. 
11. 
0 .  

1 6 .  
2 .  
15. 

1. 
2 2 .  

û .  
21. 

4 .  
1 7 .  
0. 

1 0 4 .  

7 .  

1 
14 

0 
22 
4 

1 7  

e c  

3 .  
j ,  

J .  

3 .  
0 .  
J. 
0 .  
ù .  
3 .  
3 .  
0 .  
3 .  
0 .  

10. 
1 .  

1 5 .  
2 .  

1 4 .  
2 .  
U. 
0 .  

5 7 .  
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Table 1. (continued) 

HISTORICAL Apf-'i'.Gi.-e: 
OFPlCEl 

YEAR 7.5 i.5 
1*561 u # V # 

Û .  0 .  
1 9 6 2  C .  

Û. 0. 
1963 C. 0. 

0 • 0 • 

1 5 6 4  0 .  Û .  
0. G. 

1 9 6 5  0 .  0 .  
0.  0.  

1 9 6 6  0 »  0 »  

1967 C. 0. 
C .  0 .  

1 9 6 6  0 .  C .  
0 .  0 .  

1 9 6 9  9 .  0 .  
0.  0 .  

1 9 7 0  1 3 .  i .  
1. I. 

1 9 7 1  1 2 .  1 2 .  
C  •  0 .  

T O T A L  E X P .  3 4 .  : 1 .  

T O T A L  R E T .  1 .  1 .  

• • . • j ? T i L ! T Y  r i i T i  C A G E  2  C F  2  

S U R V I V I N G  P L A N T  9 Y  A G E  J A N U A R Y  1  
R E T I R E S e X T S  T H E R E  F R O M  

9 . 5  
0 .  
0.  
0. 
0 .  
c. 
0 .  
0. 
0. 
0. 
0. 
0 .  
0 .  
c. 
0 .  
0. 
0. 
c. 
0.  
Û .  

0.  
8 .  
0 .  

s. 

Ul 
Ot> 

0.  
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I C m A  S T f c T E  L M  V Î S S I T V  
A C T  . i ' :  l i L  T i ^ E S D  A N A L Y S I S  

i . M O i c ^ r e c  i V E ? i  L I F E  
f  =  u s r  s  5 0  C N :  r n l r  c  

C d G R E E  D E v . ' Â E E  

I S t i - i ' S î i  1 2 7 . 4  1 3 0 . c  9 . 6  
1 ^ : Z -  1 < ; 6 4  9 1 . 6  2 . 9  2 . 9  
1 5 t 5 - l = 6 5  8 5 . 4  2 .  9  4 9 . 6  
1 9 t 4 - 1 5 t 6  3 4 . 6  3 .  c  5 4 .  9  
1 9 6 5 - 1 9 6 7  8 2 . 3  4 .  3  6 6 . 4  
1 S 6 6 - 1 S 6 8  7 7 . 5  5 . 2  1 2 . 1  

. 1 S 6 7 - 1 9 6 Î  7 7 . 7  9 .  4  5 . 9  
1 5 t 8 - 1 9 7 C  5 6 . 0  4 .  e  4 5 . 9  
1 9 6 9 - 1 4 7 1  6 5 . 5  6 .  1  5 9 . 8  
1 9 6 1 - 1 9 7 1  7 0 . 5  6 .  3  6 2 . 7  
1 9 6 2 - 1 9 7 1  7 0 . 5  0 .  3  6 2 . 7  
1 9 6 - - i  5 7 1  7 0 . 3  6 .  2  6 2 . 0  
1 S 6 4 - ; 9 7 1  6 9 . 1  6 .  1  6 0 . 4  
1 9 6 5 - 1 9 7 1  6 8 . 4  6 .  C  5 9 . 7  
1 9 6 6 - 1 9 7 1  6  ) .  7  6 . 2  6 2 . 0  
1 9 o 7 - i 9 7 1  6 8 . 9  6 .  6  6 3 . 6  
1 9 6 8 - 1 9 7 1  6 4  .  5  6 .  C  5 8 . 6  
1 9 6 9 - 1 9 7 1  6 5 . 5  6 .  1  5 9 . 3  
1 9 7 C - 1 9 7 1  5 8 . 4  5 .  e 5 2 .  7  
1 9  7 1 - 1 9 7 1  9 1 . 7  1 0 . 5  7 . 7  

i  r  & T e :  ? £T I ï ^Mc NTS c  ;  T I E D  
;T [: y i. : IC S T SECOND - Tnicr. 
-rrs: -SGQEE "îjREE U; 

\0 
1 J  #  1 0 ,  1 3 #  I C «  
2 1 .  2 1 .  2 1 .  2 1 .  
3 7 .  3 7 .  3 7 .  3 7 .  
5 2 .  5 2 .  5 2 .  5 2 .  
5 o .  5 6 .  5 6 .  5 6 .  
5 9 .  5 9 .  5 9 .  5 9 .  
5 5 .  5 5 .  5 5 .  5 5 .  
7 4 .  7 4 .  7 4 .  7 4 .  
6 5 .  6 5 .  6 5 .  6 5 .  

1 6 5 .  1 6 5 .  1 6 5 .  1 6 5 .  
l o 5 .  1 6 5 .  1 6 5 .  1 6 5 .  
161 .  161 .  161 .  161 .  
1 5 5 .  1 5 5 .  1 5 5 .  1 5 5 .  
1 4 4 .  1 4 4 .  1 4 4 .  1 4 4 .  
1 2 4 .  1 2 4 .  1 2 4 .  1 2 4 .  
1 0 3 .  1 0 3 .  1 0 3 .  1 0 3 .  

3 3 .  3 8 .  3 8 .  8 8 .  
6  5 .  6 5 .  6 5 .  6 5 .  
4  8 .  4 8 .  4 8 .  4 8 .  
1 4 .  1 5 .  1 4 .  1 4 .  
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â V E R A G H  L I F E  3 Y  n =  I J h T E :  :  2 :  : =  E - ' r ' . '  :  A  T  |  . 3  M Ç T n C Û  
RcTiRcMENT RiTni MÎT;: S y = 

ÙFFICEI 
R E T I R E M E N T  c i N C l < 3 6 ' « -  1 9 c j  r  1  j ; .  C 5  i V ; .  L ! P E  

A G E  i T  
j E G I N M M C - R E T I P  î M E N T  L  1  F  ;  -TMI-. 

O F  R 5 T  I R c ' 4  5 ' , T 5  P A T I O S - a P P C E N T  P E R C E S T  
I N T E R V A L  E X F G S O ' R t S  A C Î C / . L  t \  H C A T E ]  A C T U A L  S M O O T h E O  O 3 5 5 R V E 0  S M O O T K C  

C . O  1 3 0 .  1 7 .  3 0 .  1 2 . 2 3  2 1 .  7 6  1 0 0 . 0 0  i C C . O O  
C . 5  1 1 6 .  3 3 .  3 1 .  2 8 . 4 5  2 6 . 8 0  3 7 . 7 7  7 8 . 2 4  
1 . 5  7 4 .  7 .  1 1 .  9 . 4 6  1 5 . 3 5  6 2 . 8 0  5 7 . 2 7  
2 . 5  5  9 .  7 .  5 .  1 1 . 8 6  9 . 1 4  5 6 . 8 6  4 8 . 4 8  
3 . 5  3 4 .  5 .  3 .  1 4 .  7 1  0 . 1 9  5 0 . 1 1  4 4 . 0 5  
4 .  5  1 1 .  0 .  1 .  0 . 0  1 2 . 5 0  4 2 . 7 4  4 0 . 4 4  
5 . 5  0 .  j.  0 .  0 . 0  2 2 . 0 5  4 2 . 7 4  3 5 . 3 9  
6 . 5  0 .  D .  0 .  0 . 0  3 t . 8 7  4 2 . 7 4  2 7 . 5 8  
7 . 5  0 .  3 .  0 .  0 . 0  5 6 . 9 3  4 2 . 7 4  1 7 . 4 1  
8 . 5  0 .  0 .  0 .  0 .  0  8 2 . 2 5  4 2 . 7 4  7 . 5 0  
S . 5  0 .  0 .  0 .  0 . 0  1 1 2 . 8 2  4 2 . 7 4  1 . 3 3  

T O T A L  5 2 .  5 2 .  

I C . 5  1 4 8 . 6 4  - 0 . 1 7  
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length of service from age 18 to 65 is 47 years. Then the 

area under the curve was determined graphically in order 

to calculate average service life. The 47 year restriction 

was also a factor in selecting the best Iowa curve with 

the selec program, à description of this graphical curve 

fitting procedure is available (34). 

3. Provide a visual comparison between the smoothed 

polynomial-fitted curve, the best-fitting Iowa curve, and 

the stub survivor curve. 

4. Statistically test the retirements predicted by the 

best-fitting Iowa curve with the actual retirements to 

determine the goodness of fit. 

Orijginal aJLÇiîiS 

An original group or vintage group is that group of 

people hired during the same year, or in the case of a 

multiple original group, during several years, but considered 

as a single, com mon group. This type of analysis is of 

interest if it is desired to compare the group of people 

hired in 1950 with those hired during 1974 in terms of 

service life. Is the average service life of employees hired 

today much shorter or longer than it was ten years ago? Is 

tfce trend of recently hired college graduates toward longer 
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or shorter service lives with the organization? Original 

group analysis will answer these questions. 

The original group life study was done graphically, and 

the procedure follows: 

1. Draw stub survivor curves for three year original 

groups and selected individual years. 

2. Smooth and extend the stub survivor curves graphically. 

The Iowa type curves are available on transparent paper 

with the average service life predetermined. The type 

curves were layed over the stub and the stub was extended 

to zero percent surviving along the path followed by the 

test-fitting Iowa curve. When the Iowa curves did not fit 

the data, they were smoothed and extended by judgement 

graphically, and the average service life determined in a 

manner identical to that followed in the immediately 

preceding section on retirement rate procedure. This 

method of determining average service life is explained in 

the section on curve fitting and in reference (34). 

3. Statistically test the retirements predicted by the 

best-fitting Iowa curve with the actual retirements to 

determine the goodness of fit. 
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Simulated giant balance method 

This is a technique that provides an estimate of the 

retirement distribution and average service life of property 

units or people where the records kept do not provide the age 

at which the property units were retired from service. The 

simulated plant balance methcd is a way to estimate survivor 

characteristics using a methcd of successive approximations. 

Each approximation requires that an estimate of the survivor 

characteristic described by the combination of a type curve 

and average life be tested using the annual additions and 

year-end balances (1%). The data required are several 

year-end bcck balances and the gross additions from which 

these bock balances resulted. A brief description from 

Methods of Estimating Service Life and Depreciation (14) is 

included here. 

The calculated year-end balance is the sum of the 
simulated survivors from each vintage of additions. The 
survivors are calculated for each vintage by multiplying 
the addition in each year by the percent surviving 
corresponding to the age of each addition as of the date 
of the year-end balance tc which the calculated balance is 
compared. Several year-end balances should be simulated in 
order to obtain an adequate sample from which to determine 
the best fitting survivor curve for the group. The 
survivor curve which produces the least sum of squared 
differences between actual balances and simulated balances 
is considered that survivor curve of those tested which 
best fits the stub survivor curve inherent in the group 
studied. 
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The importance of this method is considerable since it 

can be expected that many organizations, especially smaller 

ones, will not have the type of detailed, aged, personnel 

data necessary for the retirement rate or original group 

analysis. 
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STATISTICAL DESIGN 

Of considerable interest was how close the standard Iowa 

curves came to describing the experimental data obtained from 

the retirements of employees in the several organizations 

that provided data. Use of an Iowa carve to describe 

retirement experience will save a great deal of time because 

of tables already available for each curve, showing percent 

surviving and probable life at each age along with the 

mathematical equation for the retirement frequency curve. 

A computer program (Selec) was used to find the 

best-fitting Iowa curve to any experimental retirement rate 

data by the least-squares method. This program fits the best 

polynomial to the retirement ratio curve since a polynomial 

is more likely to fit a retirement ratio curve than a 

survivor curve. The survivor curve resulting from the 

retirement ratio curve is then compared with the standard 

Iowa curves to find the best fit in a least squares sense. 

Original group data was fit graphically to the Iowa curves. 

This pre-selected Iowa curve then is of interest because 

it is the best of the Iowa curves, but how good? To determine 

the goodness of fit of the Iowa curve selected, a statistical 

test was designed to compare the retirements predicted from 

the selected curve with the actual observed retirements. Two 

slightly different procedures were followed depending on the 
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method of analysis, original group or retirement rate, even 

though they both involve the chi-sguare test. 

Original grou_g 

The chi-sguare test statistic 

2 
2 ^ ( f£ - np£ ) 
X = 2_ degrees of freedom (df) = k-1 

i=1 np. 

was used where 

f£ = frequency of retirements during an age interval 

n = the number of people in the original group 

p- = expected percentage of retirements during the same 
age interval, taken from an Iowa curve 

This test was appropriate since it is a goodness of fit 

test based on the discrepancy between observed frequencies of 

values and expected or theoretical frequencies and is 

applicable to either a completely or partially specified 

distribution. The observed frequencies came from the actual 

retirements while the theoretical frequencies were the result 

of multiplyinq n, the number of people in the original group, 

by p-, the expected percentage of retirements predicted by an 

Iowa curve. 
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The data was grouped so that each expected frequency of 

retirements, np-, was >5. The calculated was then compared 

with the tabled values at the 10 percent and 1 percent levels 

to determine whether the Iowa curve described the retirement 

experience of the group tested. 

Retirement rate 

Since the experience of a single population is not 

followed, but retirements frcm each vintage that has property 

still surviving during the period of study are sampled, the 

data available for test was viewed as coming from k different 

populations. Persons in the kth population were those who 

remained with the company at least k-1 years. Then the 

probability that the person retired within the next year was 

denoted . The hypothesis tested then was 

Where = Probability (retiring during year 0) 

Pg' = Probaûility(retiring this year 
taken from an Iowa curve) 
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If H is true then 

2 

V 

is distributed approximately as with d.f. equal to the 

number of aqe qrcups. 

nJ = number of people at year 0 that the jth retirements 

came from 

rj = retirements during year -j 

To show this, it is assumed that the personnel in the 

different populations are independent, thus the number of 

retirements, r,^, during the kth year are independent random 

variables, each with a binomial (n^yP*) distribution. Letting 

X be a binomially distributed variable then 

2 
(X - /!,) 

X 
2 

Idf 

because if x Binomial (n,p) , 

/ix = np , = np(1 - p). 

then XNormal ( 

X - 41, 
• /"O Normal (0,1 ) 



www.manaraa.com

49 

2 
(X - M^) 2 

The test statistic, H, is the result of summing over the 

populations since they are assumed to be independent. The 

test statistic, W, was utilized in a manner identical to the 

original group approach. 

application 

Application of this statistical theory dictated the need 

for three additional computer programs to expedite the 

analysis. 

Integration of retirement freguency; curve 

Calculation of the chi-sguare statistic required a knowledge 

of the theoretical probability of retiring corresponding to 

seme best-fitting Iowa curve. These probabilities are shown 

as p. and pj' in the previous discussion. The most efficient 

manner of finding these was by integration of the retirement 

freguency curves that have been derived and are now the basis 

of the Iowa survivor curves. These equations are available 

(49) and since the origin-modal types occurred most 

frequently in this research, are shown in Figure 2 along with 

the survivor curves. The equation for the Iowa, type 04, 

retirement frequency curve, for example, is 
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Y = 11 + (0.1 X + 1.6) j 

5 1 

6t -0 .6 
+ .59863384 

where x is the aqe in units cf 10 percent of average life 

measured for all values of x from -10 to +34.0 and I is the 

frequency in percent for 10 percent intervals. 

The ccmputer program utilizes an I.B.M. program called 

QATR found in the Scientific Subroutine Package. It performs 

integration of a given function by the trapezoidal rule after 

being given the upper and lower bounds of the interval to be 

integrated, the maximum number of bisections of the interval, 

the function to be integrated and the upper bound of 

acceptable error. Repeated trials of this routine showed it 

to be accurate to within one-half percent when integrating 

several intervals over the range of the function and 

comparing to 100 percent. Since the x values in the 

retirement frequency curve are in units of 10 percent of 

average life measured from the average life ordinate, an age 

of 0 gives an x value, assuming an 04 curve with 9.7 A.S.L., 

cf 

9.7 
= — 1 0. 00 0. 

.97 

At age 1, 

9.7 - 1 
X -8.969 

.97 

The program listing and ezazple of the output are in Appendix 
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A (Figure 11). 

Original groug Çhi^sgu^^e tegt program The 

probabilities determined from the integration program were 

input to this program to calculate the expected number of 

retirements from the original group during successive age 

intervals. A sample of the output and program listing are 

shown in Appendix A (Figure 10) . 

Retirement rate chi-square test program This program 

is essentially identical to the original group chi-sguare 

program except for the summation statement. Appendix A 

(Figure 9). Since the retirement probabilities from the 

retirement frequency curves apply to original groups, it was 

necessary to be able to go back to the original groups that 

contributed the retirements during each age interval of the 

experience band. These original groups, nj, are part of the 

input to the program, along with actual retirements, r- , and 

the probabilities of retiring, p. , that were output from the 

integration program. 
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EXEEfilMENTAL DATA RESULTS 

Summarized here are the experimental results of the 

retirement rate, original qrcup, and simulated plant balances 

methods of life analysis along with the statistical 

comparison of actual retirements against retirements as 

predicted by the Iowa carves. 

Retirement rate 

A summary of the various retirement rate analysis by 

organization, shewing the best-fitting Iowa dispersion and 

average service life is shown in Table 4. 

Historical arrangement cf the Manufacturing Marketing 

data, the basis for the various analysis, is shown in 

Appendix C (Table 9). Appendix B provides a visual comparison 

between the best-fitting Iowa curve, the actual stub curve 

and the pclyncmial-smoothed curve. On the basis of inspection 

cnly, the match was quite good. The dispersions for these 

Marketing employees (Table 4) were either 03 or 04 and the 

average service lives went from 9.0 to 14.9 years. A trend 

analysis of average service life in three year bands from 

1941 to 1973, Appendix C (Table 10) showed no noticeable 

difference between service lives along this 32 year span. 

Historical arrangement of the Office Career College 

Graduate data is shown in Table 1 of the previous section. 

Appendix B provides a visual comparison of the actual data. 
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best-fittinq Iowa curve, and smoothed polynomial-fitted 

curve. The summary shows that for this group of employees the 

dispersions were 01, 03 or 04 and the average service lives 

ranged from 3.6 to 9.8 years. A trend analysis of average 

service lives in three year hands from 1961-71 showed no 

trends toward increasing or decreasing lives over this time 

span. 

Historical arrangement of the Utility Meter Readers is 

shown in Appendix C (Table M), The original data from the 

Utility was somewhat unusual in that there was a record of 

those hired and separated between 1969 and 1973, while the 

record extended back to the year 1919 on those employees 

still employed as of 1969 to 1973. This gave an extended 

picture of the surviving employees by age, although a poor 

original group analysis since there was no record of the 

dates employees separated until 1969. Appendix B, Figures 49, 

50, 51, shows the different survivor curve comparisons for 

the Meter Readers, use of the Selec program for this group of 

employees indicated that the Iowa dispersions were all 04 and 

average service lives were 13.0, 14.7 and 16.6. It was 

obvious that these service lives were net accurate. The 

percent surviving dropped off so rapidly that a polynomial 

was unable to accurately fit the retirement ratios. 
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Table 4. Summary of retirement rate analysis 

Experience Manufact. Office Utility Utility 
Band Market. Career Meter R. Laborers 

College 

Iowa ASL Iowa ASL Iowa ASL Iowa ASL 

1955-57 C3 14. 9 
1961-63 03 14. 3 01 9. 8 
1964-66 04 9.0 03 3.6 
1967-69 04 12. 8 04 S. 4 
1570-72 04 10.6 04 7.71 04 .91 
1970-71 04 5.8 
1969-71 04 7.01 04 .41 
1971-73 04 10.01 04 1 .91 

Experience Utility Utility Utility Utility 
Band Mechanics Ironworkers Coal-Ash All-Union 

Iowa ASL Iowa ASL Iowa ASL Iowa ASL 

1970-72 04 6. 11 04 .51 04 7.4 04 3.51 
1969-71 04 6.11 LO .8 04 2.11 04 1.91 
1971-73 CI 9.91 04 1 .01 04 9.3 04 4.51 

^Average service life determined graphically. 

Since the program was written to match an Iowa curve to the 

survivor curve resulting from the retirement ratio 

polynomial, the best-fitting Iowa curve was also not 
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accurate. Expanding the horizontal scale and plotting by eye 

to the standard Iowa curves was unsuccessful. Graphically 

determining the actual areas showed that the average service 

lives were 7.0 for 1969-71, 7.7 for 1970-72, and 10.0 for 

1971-73. 

Laborers, Mechanics, Ironworkers, Coal and Ash Handlers, 

and All Onion Employees from the utility were analyzed in the 

same fashion as the other employee groups and the resulting 

historical arrangement, survivor curves and trend analysis is 

shown in Appendix B and C. In all cases where the 

polynomial-fitted curve was not accurate, average service 

life was determined graphically. Laborers and Ironworkers had 

average service lives on the order of one year or less. In 

mosr cases, over 90 percent of them left the same year they 

were hired. Since the trend analysis was based on a 

polynomial fit tc the retirement ratios, and since this fit 

was not good, the trend analysis of this data was also not 

accurate. However, Table 4 indicates a lengthening of average 

service lives in recent years. 

Original groups 

Table 5 is a summary of the various original group 

analysis by iob, showing the best fitting Iowa dispersions 

and average service lives. The data for the original group 

survivor curves can be duplicated by referring to Appendix C 

which contains the historical arrangement of retirement data. 
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For example, the Utility Meter Readers, Appendix C (Table 

12), began with a group of 25 hired in 1969, of which 16 

retired that same year. Following down the page at an angle 

to the right, this left 9, of which 5 retired, leaving 4 and 

so on. 

Manufacturing Marketing personnel had average service 

lives ranging frcm 10 to 18 years and all of them showed a 

close conformance to the Iowa 04 type survivor curve. There 

was a definite trend to shorter service lives in more recent 

years as might be expected. The 1958-60 group had an 18 year 

A.S.I., 1961-63 a 14 year A.S.L., 1964-66 and 1967-69 a 10 

year A.S.L. 

The Office Career College Graduates exhibited the same 

behavior, beginning with a 10 year A.S.L. from 1961-63, 8 

year A.S.L. for the original groups 1964-66 and 1967-69. They 

followed the Iowa 04 dispersion closely. 

Since the placements of Utility personnel were over the 

short period of time 1969-73, there was not sufficient 

experience tc obtain anywhere near complete survivor curves. 

However, using the data available, for Meter Readers the two 

original groups 1969-71 and 1970-72 showed an A.S.L. of 3 

years after the stub curves were extended using an Iowa 04 

dispersion. 
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Table 5. Summary of original group analysis 

Original flanufact. Office Utility Utility 
Group Market. Career Meter R. Laborers 

College 

Iowa ASL Iowa ASL Iowa ASL Iowa ASL 

1958-60 
1961-63 
1964-66 
1967-69 
1969-71 
1970-72 

04 18 
04 14 
04 10 
04 10 

04 10 
04 8 
04 8 

04 3 
04 3 

04 .5 
04 .5 

Original Utility Utility Utility Utility 
Group Mechanics Ironworkers Coal-Ash All-Union 

Iowa ASL Iowa ASL Iowa ASL Iowa ASL 

1969-71 04 5 04 .5 04 3 2.8 
1970-72 C4 3 04 .5 04 4 3.9 

Over half of these Meter Readers left the same year they 

were hired. In a like manner, the Utility Laborers, 

Mechanics, Ironworkers, Coal and Ash Handlers, and All Union 

Employees were plotted and fit to Iowa curves. The All Union 

Employee original groups differed from the Iowa curves to the 

extent that the actual data was extended by eye and the 

average service life found graphically. 
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Simulated giant balances 

Seme of the data was not aged, making it impossible to 

trace original groups or calculate retirement ratios. In some 

cases, only the number hired or terminated and the balance of 

personnel by year was available. This was true of the 

employee groups called Office Mature Females Over Age 30, All 

Home Office Employees, and Manufacturing Hourly. 

Determination cf average service life and Iowa dispersion was 

accomplished by the Simulated Plant Balances method explained 

previously. 

Additions, retirements and balances for Mature Females, 

Over Aqe 30 during the years 1957 to 1972 are shown in 

Appendix C (Table 24). Results of the analysis. Appendix C 

(Table 25), show that the best-fitting Iowa dispersion was an 

04, with an average service life of 8.1 years. This 

best-fitting dispersion was determined by the minimum 

sum-of-sguared difference between actual and simulated 

balances. The Index of Variation is another measure of 

agreement between actual and simulated balances and was 

calculated as follows: 

Index of Variation = 1OOC 
Sum of Squared Differences 

Number of Test Years 

Average Actual Balance 
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The lower the value of the index, the better the agreement 

with the actual data since the actual and simulated balances 

should be as close as possible. The Retirement Experience 

Index is the portion of the oldest addition which would have 

been retired as cf the date cf the study had the property 

experienced the indicated dispersion and average service 

life. A value at or near 100 percent suggests at least a 

complete life cycle of the experience considered in the 

analysis. 

Additions, retirements and balances for All Home Office 

Employees, Clerical and Other, Including Part-Time, 1948-72 

are shown in appendix C (Table 28). Results of the analysis 

showed that the best-fitting Iowa dispersion was an 04, with 

a 2.9 year average service life. An analysis using some of 

the same data for the years 1961-72 but excluding part time 

employees gave an HI Iowa dispersion and a 3.2 year average 

service life. Removing the part time employees raised the 

average service life by .3 years. The overall short service 

life was due to the hiqh turnover of young females in the 

clerical staff. A comparison of All Home Office Employees 

with Mature Females Over Age 30 showed that the average 

service life of Mature Females was more than twice that of 

the entire office. 
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Additions, retirements and balances for Manufacturing 

Hourly employees are shown in Appendix C (Table 30). Results 

of the analysis showed that the best-fitting Iowa dispersion 

was an L2, with a 4.7 year average service life. A summary of 

all Simulated Plant Balances analysis is shown in Table 6. 

Table 6. Simulated plant balances summary 

Iowa Average Index of 
Dispersion Life(years) Variation 

Office 
Mature Females 04 8.4 91 
ever Age 30 

Home Office Employees 
Clerical and Other 04 2-9 55 
Including Fart Time 

Home Office Employees 
Clerical and Other R1 3.2 37 
Excluding Part Time 

Manufacturing 
Hourly L2 4.7 154 

Chi=sguare test results 

The original or multiple original groups were chosen so 

they included sufficient years such that there were seldom 
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less than 5 retirements during any one year. Also, the groups 

had to begin far enough back from the termination of the data 

to provide several years of experience. Where the retirement 

experience ended, the last aqe interval was broad enough to 

include and assume retirement of the remainder of the 

original group. 

One year bands of data were picked for the retirement 

rate chi-square tests to satisfy the requirement of 

independence. Since it was necessary to know the number in 

tte original group that the retirements in a particular year 

came from, the number of years included in the test was very 

limited for the Utility data. The original groups for these 

employees were known only from 1969 to 1973. 

Besults of the tests. Table 7, were generally favorable 

for all but the Utility employees when tested at the 10 

percent and 1 percent levels. The values for and 

came from tables of percentiles of the chi-square 

distribution (33). These are the values at which there is a 

10 percent and 1 percent probability of rejecting the 

hypothesis when it is true. îhis indicates that the Iowa 

curves desccibed the retirement experience of the 

Manufacturing Marketing and Office Career College people 

well. In other words, the actual retirements came from a 

population described by an Iowa curve. 
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Table 7, chi-square test results 

Mfg. Office Utility 
Marketing Career College Union Employees 

calc calc calc 

2 % 2. 3. % 1 %. 1 Z. 
 ̂  ̂ X %% X.̂  

Original 
Group 
1961-64 14.33 16.0 23.2 
1964-67 19.72 12.0 18.5 
1967-70 8.37 7.7 13.3 
1941-51 21.54 32.0 41.6 
1952-62 17.14 18.5 26.2 

1961-63 11.71 14.7 21.7 
1964-66 12.62 10.6 16.8 
1967-69 12.21 6.2 11.3 

1969 926.99 9.2 15.1 
1970 599.34 4.6 9.2 

Betirement 
Bate 

1966 30.63 30.8 40.3 
1968 17.88 33.2 43.0 
1970 34.34 35.6 45.6 
1972 39.51 37.9 48.3 

1966 4.80 10.6 16.8 
1968 8.09 13.4 20.1 
1970 52.85 16.0 23.2 

1971 6222.22 6.2 11.3 
1973 2402.34 9.2 15.1 
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The chi-square tests on the Utility Union employees were a 

formality only, since it was obvious from the survivor curves 

that the Iowa dispersions did not fit this data. In almost 

every case, over 80 percent of the employees left the first 

year, but the remainder stayed on for an extended period, 

some up to 46 years. There are no Iowa curves that presently 

fit this unusual retirement pattern. A more detailed report 

of actual and expected retirements, probabilities of 

retirement, number in original group and degrees of freedom 

is provided in Appendix C. 

Curve fitting 

The thrust cf this research was the investigation of 

average service lives using previously accepted and proven 

techniques. Specifically, fitting polynomials to the 

retirement ratio curves, and when this failed, graphically 

finding the area under the survivor curve in order to 

calculate average service life. Other technigues have been 

investigated adequately by Henderson (23) and others with 

varying degrees of success. However, at least two obvious 

questions are raised when looking at the sharp slope of these 

curves during the early years and the fact that they all 

began at 100 percent. First, why not use a negative 

exponential function to describe the survivor curve, since it 

can be made to begin conveniently at 100 percent and the 

shape appears exponential? Second, why not fit a polynomial 
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directly te rhe survivor curve rather than convert to a 

survivor curve after fitting to retirement ratios? 

Several negative exponential functions were fit to a 

typical survivor curve in this research; the Office Career 

College Graduates, 1970-71 experience band. These curves are 

shown in Figure 3. The fit was not good, and in fact, a 

visual comparison between Figure 3 and Figure 23 was 

sufficient to show that at least in this instance, the best 

method was fitting a polynomial to the retirement ratio 

curve. Because of the general conformance to a survivor 

curve, however, the negative exponential could be useful in 

seme cases for estimation purposes. 

Another representative employee group. Office Career 

College Graduates, 1961-71 original group, was used to 

compare fitting a polynomial directly to the survivor curve 

or to the retirement ratio curve. To accomplish this, the 

actual survivor curve data was plotted. Figure 4, extended to 

U7 years, and the smoothed data used to calculate retirement 

ratios. Table 6. The resulting retirement ratio curve. Figure 

5, and the survivor curve were fitted with polynomials using 

the program shown in Appendix A (Figure 12). This program fit 

the best polynomial in a least squares sense, and gave the X 

and Y values, along with the degree of polynomial requested. 

The best-fitting survivor curve polynomial was a third 

degree. 
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2 3 
y = .83691 - .07472% + .00275x - .00003% 

The best-fitting retirement ratio curve was a second degree 

pclynonial. 

2 
y = .24514 - .02877% + .00071% 

Two additional CPS programs were written to assist in 

plotting the survivor curves from these points and are shown 

in Appendi% A (Figures 13,14). One computed percent surviving 

for ages 0 to N in one year increments, given a polynomial 

expression for a retirement ratio curve. Negative retirement 

ratios were assumed to be zero. The other computed percent 

surviving for ages 0 to N in one year increments, given any 

pclynomial expression. 

figure 5 shows the actual and smoothed retirement ratio 

curves. This "bathtub" shape is typical of that encountered 

in the failure of some physical property, notably electronics 

components. The second degree polynomial fit best. Figure 4 

shows a ccmparison of the actual survivor curve, polynomial 

fir directly tc survivor curve and polynomial fit to a 

retirement ratio curve. In this one e%ample, there appeared 

to be little difference between the two methods of survivor 
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curve fittinq, except that the retirement ratio method can be 

made tc begin at 100 percent. 

Figure U and Table 8 also show the technique used to 

calculate graphically the area under a survivor curve, 

probable life and life expectancy. This method was followed 

in all cases where the Iowa curve fit was not satisfactory. 

Table 8 is a life table showing the percent surviving, 

retirement ratios, expectancy, probable life and provides a 

method of finding the area under the survivor curve and 

average service life by dividing the survivor curve into 

small rectangles. Column 6 is obtained by summing column 5, 

the interval area from the bottom upward to produce remaining 

areas. The area remaining at any service age divided by the 

percent surviving at that age results in the average 

expectancy of the surviving property, column 7. The probable 

life, column 8, of the survivors at each age is equal to 

their age plus their expectancy. 
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Table 8. Office Career College Graduates, 
1961-71 original grcup 

1 1 21 31 41 51 61 71 81 

0- 1 100. 0 .1631 91.84 Same 1 145. 53 11.45 11.45 

1-2 83. 6 .2317 73.99 as 1053. 69 12.59 13. 59 

2- i 64. 3 .1347 59.97 col. 979. 70 15.23 17.23 

3-4 55. 6 .1271 52. 10 4 919. 73 16.53 19.53 

4-5 46. 5 .1093 45.92 867. 63 17.86 21.86 

5-6 43-2 .0673 41.80 821. 71 18.99 23.99 

6— 7 40. 3 .0875 38.58 779. 91 19.32 25. 32 

7-8 36. 8 .0877 35.20 741. 33 20.13 27. 13 

8-9 33. 5 .0295 33.09 706. 13 21.02 29.02 

9-10 32. 6 .0475 31.82 673. 04 20.64 29.64 

10- 11 31. G .0338 30.52 641. 22 20.65 30. 65 

11-12 30. 0 .0400 29.40 610. 70 20.35 31.35 

12-13 28. 8 .0347 28.30 581 . 30 20.18 32. 18 

13-14 27. 8 . 0360 27.30 553. 00 19.89 32.89 

m-15 26. 8 .0299 26.40 525. 70 19.61 33.61 

15-16 26. 0 .0385 25.50 499. 30 19.20 34.20 

16-17 25. 0 .0200 24.75 473. 80 18.75 34.95 

17-18 24. 5 .0204 24.25 449. 05 18.32 35.32 

18-19 24. 0 .0208 23.75 424. 80 17.70 35.70 

19-20 23. 5 .0383 23.05 401. 05 17.06 36. 06 

2C-21 22. 6 .0177 22.40 378. 00 16.72 36.72 

21-22 22. 2 .0315 21.85 355. 60 16.01 37.01 

22-23 21. c .023 3 21.25 333. 75 15.52 37.52 

23-24 21. 0 .0238 20.75 312. 50 14.88 37.88 

24-25 2C. 5 .0244 20.25 291 . 75 14.23 38. 23 

25-26 20. 0 .0300 19.70 271. 50 13.57 38.57 

26-27 19. 4 .0309 19.10 251. 80 12.97 38. 97 

27-28 18. 8 .0426 18.40 232. 70 12.37 39.37 

28-29 18. 0 .0278 17.75 214. 30 11.90 39. 90 

11 = aqe interval; 2 = percent surviving at beginning «f 
aqe interval; 3 - retirement ratios; 4 = average ordinate ror 
aqe interval; 5 = interval area; 6 = remaining area to the 
right of the ordinate at the beginning of the age interval; 7 
= expectancy at beginning of age interval; 8 = probable life 
of average unit at beginning of age interval 
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11 21 31 41 5» 61 71 81 

29-30 1 7.5 .0286 17.25 196.55 11.23 40.23 
30-31 17. 0 .0294 16.75 179.30 10.54 40.54 
31-32 16.5 .0303 16.25 162.55 9.85 40. 85 
32-33 16. 0 .0438 15.65 146.30 9.14 41.14 
33-34 1 5. 3 .0523 14.90 130.65 8.53 41.53 
34-35 14. 5 .0345 14.25 115.75 7.98 41.98 
35-36 14.0 .0429 13.70 101.50 7.25 42. 25 
36-37 13.4 .0597 13.00 87.80 6.55 42. 55 
37-38 12. 6 .0476 12.30 74. 80 5.93 42. 93 
38-39 12.0 .0833 11.50 62.50 5.20 43. 20 
39-40 1 1.0 .0909 10.50 51.00 4.63 43.63 
40-41 10.0 .1000 9.50 40.50 4.05 44.05 
41-42 9. 0 .1111 8.50 31.00 3.44 44. 44 
42-43 8.0 .1250 7.50 22.50 2.81 44. 81 
43-44 7. 0 .2 143 6.25 15.00 2.14 45. 14 
44-45 5.5 .2727 4.75 8.75 1.59 45.59 
45— 46 4.0 .5000 3.00 4.00 1 .00 46. 00 
46-47 2. 0 1 .0000 1.00 1.00 .50 46.50 

1145.53 

1145.53 
Average Service Life = = 11.45 years 

100 
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APPLICATION TO INVESTMENT DECISIONS 

The thecEy presented previously on engineering 

valuation, engineering economy and Markov chains is here 

applied to human resource valuation. 

i program Jor cogEuting sresent worth of future services 

fl computer program is presented here and in Appendix A 

(Figure U) that will allow a manager to find the present 

worth of the compensation paid to employees in the 

department, assuming a constant annual percentage increase. 

The program applies the gradient theory presented earlier and 

uses the following notation: 

Let PW = present worth of future compensation, p 
C = present salary, c 
a = annual salary increase in decimal percent, r 

AINT = value of money in decimal percent, i 
N = job life expectancy, n 

Job life expectancy (N) is based on the survivor curves 

developed previously in this paper, or more appropriately for 

a particular company, (N) should take into consideration 

survivor curves drawn for the specific jobs. 

To illustrate the use of this program, suppose a 

department manager in the company that contributed the Career 

College Graduate data had six college graduates in the 

department. The average service life for these people was 8 

years and the retirements followed an Iowa 04 dispersion. 
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Knowing the present length of service for each individual, 

the Iowa 04 table can be used to find life expectancy since 

probable life is given in the table as a percent of average 

life and expectancy eguals probable life minus age. To 

prepare the input to the program, a table like this was 

completed: 

Dispersion Iowa 04 

Average Service Life = 8 years 

Time Value cf Money = 856 

Department = accounting 

Present 
Length 
of Probable Life 

Predicted 
Annual 

Present Salary 
Name Service Life Expectancy Salary Increase 

V. H .  Phillips 1 9.2 8.2 8000.00 .07 
D. C- Jensen 1 0 20.5 10.5 16000.00 .05 
. L . Garcia 15 24. 3 9. 3 25000.00 .05 
F. C. Deter 5 14. 9 9. 9  10000.00 .10 
B .  E. Weber 6 16.3 10.3 11000. 0  0 .08 
L. D. Uthe 2 10. 5 8.5 9000.00 . 12 

Output from this program, figure 7, shows the present worth 

of future earnings. 
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HEAD 
DEPT,DATE 

VALOE OF MONEY(AIHT 

WRITE 
DEFT,DATE 

VALUE OF MONEy(AINT), 
HEADINGS / 

TOTAL 

HEAD 
NAME, PRESENT SALARY (C) 
JOB LIFE EXPECT (N) , 
ANNUAL SALARY IHC(R) / 

WRITE / YES/EN 
TOTAL STOP OF 

•ATA 

1+AINT 1+R 
- 1  

1 + R 1+AINT 

CN 
PW= 

1+AINT 1+AIN 
W (l+W) 

TOrAL=TOTAL+PW 

Figure 5. Flow chart for present worth of future services 
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DEPARTMENT: ACCCLNTING 

CATE: CCTOEER IST 1974 

INTEREST RATE; 0.O8O 

AVERAGE ANNUAL PRESENT WORTT 
PRESENT JOB LIFE SALARY INCREASE OF FUTURE 

HAME SALARY EXPECTANCY IN DECIMAL X EARNINGS IN : 

V. H. PHILLIPS 8000.00 8.2 0.070 58754.55 
D. C. JENSEN 16000 .00 10.5 0.050 136564.50 
J • L. G/FCIA 25000.00 9.3 0.050 192066.88 
F. C. DETER 10000.00 9.9 0.100 99600.50 
B. E. WEBER 1ICOO.OO 1 0.3 0.080 104907.31 
L. C. UTHE 9000.00 8.5 0. 120 81502.31 

673396.00 

Figure 7. Present worth of future services computer output 
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An economic Justification 

The impact of human resource accounting on managerial 

decisions is the subject of research (12), since better 

decision-making is one of the motivating reasons for 

determining the value of human resources. 

To provide a basis for further discussion, a 

hypothetical situation is presented. Assume an investment is 

being considered with equipment costs of $200,000, 10 year 

life, zero salvage, straight line depreciation and annual 

operating costs of $20,000. Yearly revenue generated by the 

investment is $150,000. Four additional people are required, 

each having an annual salary of $15,000 with a $1,000 annual 

increase and 12 year -job life expectancy. The constant 

gradient approach, g = $1,000, is used here. 

5% 5% 
Present Worth of = 4|{15,000) (p/a) + 1,000 (p/g) I 
Future Salary 12 ^2J 

= 60,000(8. 863) + 4,000(43.624) 

= $706,276 

Next, the return on investment by both conventional and 

human resource methods could be examined. 
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People as People as 
Operating Capital 
Expense Expenditure 

A B 

Revenue 150,000 150,000 
Operating Expense 20,000 + 4(15,000) = 99,688 20,000 

+ 4(1 ,000) (4.922) 

Before Tax Cash Flow 50,312 130,000 

200,000 
Depreciation 20,000 20,000 

1 0 

706,276 
58,856 

1 2 

Taxable Income 30,312 51,144 

Income Tax S 50% 1 5 , 1 5 6  2 5 , 5 7 2  

After Tax Cash Flow 3 5 , 1 5 6  1 0 4 , 4 2 8  

Rate of Return Plan A 

i 
1 5 0 , 0 0 0  =  9 9 , 6 8 8  +  2 0 0 , 0 0 c(a/ p )  +  1 5 , 1 5 6  

10 

i  3 5 , 1 5 6  
(a/p) = =  . 1 7 5 8  

10 200,000 

i = 11.8% 

Bate of Return Plan E 
(Assuming a return on both physical and human assets) 
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150,000 = 20,000 + 200,000 (a/p) + 25,572 + 706,276(a/p) 
10  12  

i i 
104,428 •= 200,000 (a/p) + 706,276 (a/p) 

10 12 

i = 5.6% 

If the minimum attractive rate of return required is 

11%, but people are a scarce resource in this organization, 

it might be worthwhile to investigate other opportunities 

where the rate of return on the total investment, including 

human resources is greater than 5.6%. 

Another alternative, and perhaps a more reasonable 

approach, would be to depreciate the human resources, but no 

deduct this from taxable income since the tax laws do not 

allow this deduction. The result for Plan B would then be: 

Revenue 150,000 
Operating Expense 20,000 

Before Tax Cash Flow 130,000 

706,276 20C,CÔ0 
Depreciation — — ——— + ——————— = 78,856 

1 2  1 0  

Taxable Income(Same as Plan A) 30,312 

Income Tax (Same as Plan A) 15,156 
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after Tax Cash Flow 114,844 

Sinus Dep. of Human Res 58,856 

adjusted after Tax Cash Flo* 55,988 

Sate of Return Plan B 

i i 
55,988 = 2G0,000(a/p) + 706,276(a/p) 

10 12 

i < 0 

Woodruff (50), Pyle (40) and others would leave salaries 

as an expense and capitalize only the long range investments 

in human assets. Those costs capitalized include recruiting, 

acquisition costs such as moving and physical examinations, 

formal training, informal training and familiarization, and 

investment building after initial familiarization. 

BarkoV chain example 

assume an employee starts in job 1 and expected service 

life = 3 years. There are a total of 3 jobs with the 

following transition matrix. 
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To Job 
1 2 3 

From 1 .7 .2 .1 

job 2 - 1 .7 .2 

3 . 1 . 1 .8 

The value expected to be derived from each job over a 

year's time is jcb 1 = $10,0 00, job 2 = $20,000, job 3 = 

$30,000. 

E(S) = 10,000 + 10,000 (p^)) + 20,000 (p|^ ) + 30,000 ) + 

10,000 (p^y ) + 20,000 (p|") + 30,000 (p^^^) 

fz) 
In order to calculate p.. , the two step transition 

probabilities are equal to P • P. 

7 .2 .11 

1 .7 .2 

1  . 1  . 8 J  

-.7 .2 . 1 

. 1 .7 .2 

.  1  . 1  . 8 .  

52 .29 . 191 

16 .53 .31 

16 .17 .67J 

(2-1 
= P 

Since the employee in this example began in job 1, only 

the first row of the 2-stage transition matrix is needed. 

E(S) = 10,000 + 1 0,000(.7) + 20,000 (.2) + 30,000 (.1) + 

10,000 (. 52) + 20,000 (.29) + 30,000 (.19) = $40,700 

The present worth of E(S) at 10 percent interest is then 

10,000(p/f)'® + 10,000(.7) (p/f)'® + 20,000 (.2) (p/f)'® + 

30,000 (. 1) (p/f)^ + 10,000 {. 52) (p/f)'® + 20,000 (.29) (p/f)^ + 
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lO 
30,000 (.19) (p/f)^ = $33,208 

The steady-state equations can be expressed as 

-n; - Pu + TT^P3. 

-TT. = 
* fTzPzz 

= TT, P,3 ^'niP33 

1 = 1T + TT] 

Substituting values for p£' into the last three equations 

since one is redundant 

TT^ = .2TTr + . 7-n^ + . ITT; 

= .ITTT + . 2T(I + .STTi 

1 = TT, + TTL+ TG 

Solving these equations provides the simultaneous solutions, 

TT7 = .250 

TG = .312 

= -438 

The n-state transition matrix when n—ooo is 

P = 

r. 250 .312 .438 

.250 .312 .438 

L.250 .312 .438. 

The 4-step transition probabilities are 
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(4.) 
-.346 .j37 .3171 

.218 .380 .402 

L.217 .250 .533 J 

It can be seen that the 4-step probabilities are approaching 

the steady-state probabilities. In other words, after many 

years, assuming they stay, the probability of finding an 

employee in -job 1, 2, or 3 is .250, .312, and .438 

respectively. 

If non-stationary transition probabilities are available 

from retirement ratio curves drawn for transition between 

iobs and exiting the company, then (a), (b) and (c) might 

represent these non-stationary probabilities and the n-step 

transition probabilities would be 

(a) 

'.6.3 0.1 

. 1  . 6  . 2  . 1  

.1 .1 .7 .1 

0 0 0 1 

: [,"] 

(b) 

4 .3 .1 .2 

0 .5 .3 .2 

0 .2 .6 .2 

0 0 0 1 

.24 .33 . 15 . 28 

.04 .37 .31 .28 

.04 .22 .46 .28 

0 0 0 1 
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<3) 
[p-] 

(c) 

,2 .4 .2 .2 

0 .4 .3 .3 

0 0 .5 .5 

0 0 0 1 

.048 .228 .222 .502 

.008 .164 .274 .554 

.008 .104 .304 .584 

0 0 0 1 

The expected value of future services in this case for 

an employee starting in job 1 is 

E(S) = 10,000 + 10,000 (p%) ) + 20,000 (p^^ ) + 30,000 (p^^ ) 

+ 10,000 {p^^"' ) + 20,00 0 (p'^ ) + 30,000 (p^^ ) 

+ 10,000 (pK) ) + 30,000(P^J ) + 30,000 (P^^ ) + 

= 10,000 + 10,000 (.6) + 20,000 (.3) + 30,000 (0) 

+ 10,000 (. 24) + 20,000 (. 33) + 30,000(. 15) 

+ 10,000 (.048) + 20,000 (.228) + 30,000 (.222) + 

This is continued until the present worth of an additional 

period would add an insignificant amount to the total value 

of future services or until all values in the n-stage matrix 

are zero except for the exit probabilities, computer programs 

are available to perform these multiplications easily, once 

the transition probabilities have been established from the 

retirement ratio curves. 
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CONCLUSIONS 

Priory 

1. Life analysis techniques should prove extremely useful in 

the valuation of human resources. The survivor, retirement 

frequency, and retirement ratio curves, along with the 

techniques for their determination, are as applicable in 

human resource valuation as they are in industrial property 

valuation. 

2. The Iowa survivor curves will adequately describe service 

life characteristics if the average service lives are of 

sufficient length. It is difficult to prescribe specific 

guidelines. The Iowa curves did not fit the Utility company 

personnel when the majority of the employees left the first 

year, but many of those who remained stayed for over 20 

years. This resulted in a survivor curve with an initial 

sharp drop and a lonq, horizontal tail, â rough guideline 

miqht be to examine the employee separation characteristics 

the first year. If there is a reasonable loss of 10 to 50 

percent, che Iowa curves will fit, whereas a 70 percent or 

qreater loss cannot be described by the Iowa curves. 

3. When the Iowa curves did fit the survivor characteristics, 

in almost all cases it was an 0 type curve, usually an 04. 

This curve bears a resemblance to a negative exponential and 
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was developed after the original Iowa curves. The two 

exceptions came from the simulated plant balances summary 

which indicated that a fil and L2 curve was appropriate. 

secondary 

1. Survivor curve shape characteristics have been 

investigated adequately elsewhere (20), but a cursory 

examination of the curves obtained in this research indicated 

two things. First, even though a negative exponential would 

seem to be a logical choice, it will not describe this data. 

However, the overall resemblance indicates that it might be 

used for estimation purposes. Second, the method of fitting a 

pclyncmial to retirement ratios and converting to a survivor 

curve is still appropriate. 

2. The average service lives for the utility, office, and 

manufacturing organizations are shown in Tables U, 5 and 6. 

The length of service for the utility employees was on the 

order cf 3 tc 5 years, while the other two companies went 

from 3 to 18. Laborers, Ironworkers, and Clerical employees 

had very short service lives of .5 to 3 years, while in 

contrast, the Marketing employees went up to 18 years in the 

case of one original group. These lives could be guidelines 

for other organizations in the event they were to investigate 

a human resource measurement program. However, a more 
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desirable approach would be to use the techniques and 

programs presented here to establish survivor curves tailored 

to the particular organization. 

Further research possibilities include refining the 

average service life characteristics, since it would be 

desirable to obtain data showing the length of time employees 

spend in particular jobs within the same company. This would 

add accuracy to calculations of resource value regardless of 

whether future salary or future contribution is used as an 

indicator, and enable the establishment of characteristic 

non-stationary probability transition matrices for the 

Markov chain approach. Further study of actual retirement 

data might show the need for additional standard survivor 

curves that more accurately describe human service life 

characteristics. The depreciation rate of human assets, the 

effect of human resource value on investment decisions, and a 

method for establishing the contribution of the jobs of an 

organization to the total services provided by the 

organization could all be further investigated. 
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APPENDIX A: COMPUTER PROGRAM LISTINGS 
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for t ran iv  g level  21 main 

c  th is  program computes the present  worth of  future serv ices,  
c  assuming that  salary is  a good est imate of  the worth of  those 
c serv ices.  
c  the f i rs t  input  card conta ins the department  name in  columes 
c 1-40,  date 41-60,  value of  money(aint )  61-65.  
c  each succeeding card conta ins name in  columes 1-24,  present  
c  salary(c)  25-33,  job l i fe  expectancy(exi  34-38,  
c  annual  increase!r)  39-43.  
C 

DIMENSION DEPT(lG},DATE(5),NAMEf6) 
in teger*4 dept ,date,name 
pead(5,2)dept ,date,a int  

2 format(10a4,5a4, f5.3)  
wr i te(6,4)dept ,date,a int  ^  

4 format(«1 department :  * ,10a4/ / , '  date:  • ,5a4/ / ,  ^  
- •  interest  rate:  ' , f5 .3)  

wr i tec6f  6)  
6 format(1h048x,»average annual  present  worth ' / *  • ,26x,*pres 
-  job l i fe  salary increase of  future ' / '  ' ,9x, 'name' ,13xf  
- •salary expectancy in  decimal  % earnings in  $• , / !  

t0ta l=0.0 
7 READ(5,8,END=50)hAME,C,EX,R 
8 f0rmat(6a4, f9.2, f5.1, f5.3)  

Figure 8. Present worth of future services 
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C C=PRESENT SALARYt R=ANNUAL INCREASE IN DECIMAL %t EX=JOB LIFE 
C EXPECTANCY, AINT=VALUE OF MONEY IN DECIMAL % 

IF(R.GT.AINT) GO TO 10 
IF(R.LT.AINT) GO TO 12 
PH=(C*EX)/(1.0+AINT) 
GO TO 14 

10 W=(1.0+R)/(1.0+AINT)-1.0 
PW=(C/(l.0+AINT))*(((1.0+W)**EX-1.0)/W) 
GO TO 14 

12 W=(1.0+AINT)/(1.0+R)-1.0 
PW=(C/(1.0+R))*(((1.0+W)**EX-1.0)/(W*(1.0+W)**EX)) 

14 TOTAL=TOTAL+PW 
WRITE(6, 16)NAME,C,EX,R,PW 

16 FORMAT(1X6A4,1X,F9.2,4X,F5.1,10X,F5.3,11X,F10.2) 
GO TO 7 

50 WRITE(6,18) ^ 
18 FORMAT(70X,« M 

WRITE(6,20)TOTAL 
20 FORMAT(68X,F12.2I 

STOP 
END 

Figure 8. (Continued) 
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$JOB «BARTA»,TIME=5,PAGES=10 
C THIS PROGRAM CALCULATES A CHI-SQUARED STATISTIC BASED ON THE 
C DIFFERENCE BETWEEN ACTUAL RETIREMENTS AND RETIREMENTS TAKEN FROM 
C THE BEST FITTING IOWA CURVE. 
C THE PROBABILITIES OF RETIREMENT COME FROM INTEGRATION OF THE 
C RETIREMENT FREQUENCY CURVE, ANOTHER COMPUTER PROGRAM. 
C T.A.BARTA, I.S.U., JUNE 1, 1974 
C RETIREMENT RATE CHI-SQUARE PROGRAM 

REAL PROB, ACCUMtERET 
INTEGER ARETflfN 
OIMENSICN ARET(30),PROB(30),ERET(30),NEXP(30) 
READ(5,10)N 

C N=THE NUMBER OF CLASSES, ARRANGED SO THERE ARE AT LEAST 5 
C RETIREMENTS PER CLASS IF POSSIBLE, 

10 FORMAT* I 2) 
READ(5,15)(ARET(l),I=l,N) 

15 FORMAT* 161 5) 
C ARET(I) CONTAINS THE ACTUAL RETIREMENTS IN EACH CLASS 

READ(5f20)(NEXPfn,I=l»N) 
20 FORMAT*16151 

C NEXP= THE H OF PEOPLE IN THE ORIGINAL GROUP 
READ(5,25) *PR08(I),I=1,N) 

25 F0RMAT*8F10.7) 
C PROB (I) CONTAINS THE PROB. OF RETIRING DURING EACH INTERVAL 
C IN DECIMAL FORM. 

ACCUM=0 
DO 30 1=1,N 
ERET*I)=NEXP(I)*PROB(I) 

C ERET*I)= EXPECTED # OF RETIREMENTS 

Figure 9, Retirement rate chi-sguare test 
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15 IFiNEXPi I) .EQ.O)GO TO 30 
16 ACCUK=ACCUM+({ARET ( I l-NEXP( I)*PROB(I) )**2)/(NEXP(I)*PROB( I)*(1-PR 

lOBd) )) 
17 WRITE(6, 27)ACCUM 
10 27 FORMAT!' ','ACCUM = •,F12.6l 
19 30 CONTINUE 
20 URITE(6,32)ACCUM 
21 32 FORMAT!'0','CHI-SQUARE STATISTIC» ',F12.6) 
22 WRITE(6,35K ARET(I), I»1,N) 
23 35 FORMATC ACTUAL RETIREMENTS» ',1315) 
24 WRITE{6,37)(ERET<I),I=1,N) 
25 37 FORMATC »,'EXPECTED RETIREMENTS» ',13F5.1) 
26 WRITE<6,40)(NEXP(I),I»1,N) 
27 40 FORMATC »,'ORIGINAL GROUPS = ',1315) 
28 WRITE(6,45)iPRCB(I),I»l,N) 
29 45 FORMATC ','PROB. OF RETIRE.» •,10F10.7) 
30 STOP 
31 END 

CHI-SQUARE STATISTIC» 8.090201 
ACTUAL RETIREMENTS» 76743111 

EXPECTED RETIREMENTS» 7.9 4.6 4^1 2.4 1.6 0.7 0.6 0.3 
ORIGINAL GROUPS = 38 26 31 27 25 15 16 10 
PROS. OF RETIRE.= 0.2088 721 0.1772131 0.1312222 0.0902599 0.0624076 0.0451168 

Figure 9. (Continued) 
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$job «barta» , t ime=5f  pages=10 
C THIS PROGRAM CALCULATES A CHI-SQUARED STATISTIC BASED ON THE 
C DIFFERENCE BETWEEN ACTUAL RETIREMENTS AND RETIREMENTS TAKEN FROM 
G THE BEST FITTING IOWA CURVE. 
C THE PROBABILITIES OF RETIREMENT COME FROM INTEGRATION OF THE 
C RETIREMENT FREQUENCY CURVE, ANOTHER COMPUTER PROGRAM. 
C T.A.BARTA, I.S.U., MAY 30, 1974 
C ORIGINAL GROUP CHI-SQUARE PROGRAM 

REAL PROB,ACCUM,ERET 
INTEGER ARET,I,N 
DIMENSION ARET (30) •PROBI30) ,ERET(30) 
READ(5,10)N 

C N=THE NUMBER OF CLASSES, ARRANGED SO THERE ARE AT LEAST 5 
C RETIREMENTS PER CLASS IF POSSIBLE. 

10 FORMAT(12) 
READ(5,15)(ARET(I),I=1,N) 

15 F0RMATC16I5) 
C ARET(I) CONTAINS THE ACTUAL RETIREMENTS IN EACH CLASS 

REA0(5,20)NEXP 
20 F0RMATH5» 

C NEXP= THE # OF PEOPLE IN THE ORIGINAL GROUP 
READ(5,25)(PR0B(I),I=1,N) 

25 FORMAT(8F10.7) 
C PROBCI) CONTAINS THE PROB. OF RETIRING DURING EACH INTERVAL 
C IN DECIMAL FORM. 

ACCUM^O 
CO 30 1=1,N 
ERET(I)=NEXP*PROB(I) 
ACCUM=ACCUM+(ARET(I)-NEXP*PR0B(I))**2/(NEXP*PR0B(I)) 

Figure 10. Original group chi-sguare test 
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16 30 CONTINUE 
17 kRITE(6,32)ACCUM 
18 32 FORMATI'O*CHI-SQUARE STATISTIC» •,F12.6) 
19 kRITE(6,35)<ARET(I),I=l,N) 
20 35 FORMAT!' ACTUAL RETIREMENTS» • ,1315» 
21 WRITEI6,37)(ERET(I),I=1,NI 
22 37 FORMAT*' ','EXPECTED RETIREMENTS» ',13F5.1I 
23 WRITE<6,40)NEXP 
24 40 FORMAT*' ','ORIGINAL GROUP» ',15) 
25 WRITEi6,45)(PR0B(I)fI=ltN) 
26 45 FORMAT!' '•'PROS. OF RETIRE.- •,10F10.7» 
27 STOP 
28 END 

SENTRY g 
o 

CHI-SQUARE STATISTIC» 14.330400 
ACTUAL RETIREMENTS: 2497140223 20 
EXPECTED RETIREMENTS» 5.0 4*8 4.5 4.1 3.7 3.2 2.7 2.3 2.0 1.7 20.0 
ORIGINAL GROUP= 54 
PROB. OF RETIRE.= 0.0929183 0.0894039 0.0839597 0.0767005 0.0682129 0.0591213 

PROB. OF RETIRE.= o^o505048 0.0428612 0.0362560 0.030834 0-3697067 

Figure 10. (Continued) 
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$job «barta ' , t ïme=5fpages=10 
c th is  program performs integrat ion of  a g iven funct ion by the 
c t rapezoidal  ru le and can be found on page 297 of  the ibm 
c sc ient i f ic  subrout ine package.  i t  computes an approximat ion 
c for  in tegral  fc t  (x i  summed over x f rom x l  to xu.  
c  funct icn fc t  should be changed depending on the ret i rement 
c  f requency curve.  
C XL=LOkER BOUND OF INTERVAL. 
c xu=upper bound of  in terval .  
c  eps=upper bound of  absolute error .  
c  nd1h=d1mensi0n of  the auxi l iary storage array aux.ndim-1 is  th^ 
c maximum § of  b isect ions of  the in terval  ix l fxu) .  
c  fc t=the name of  the external  funct ion subprogram used.  
c  y=the resul t ing approximat ion for  the in tegral  values.  
c  ier=a resul t ing error  parameter .  
c  aux=an auxi l iary storage array wi th d imension ndim. 
c  error  parameter  (1er)  code:  o 

c 0=n0 error . i t  was possib le to  reach the desi red accuracy.  
c  1=imp0ss:b le to  reach the desi red accuracy due to  rounding 
c errors.  
c  2=imp0ssib le to  check accuracy because ndim<5,0r  the required 
c accuracy could not  be reached wi th in ndim-1 steps.ndim 
c should be increased.  
c  wr i t ten by tom bar ta,  i .s .u. ,  may 5,1974 
c  

1  external  fc t  
2 REAL XL,XU,EPS.Y,X,TOTAL 

Figure 11. Integration of retirement ratio curve 
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3 INTEGER NDIM,IER 
4 DIMENSION AUX(50) 
5 T0TAL=0 
6 5 READ(5flO,END=25IXL,XUtEPS,NOIM 
7 10 f0rmat( f7.3t f7.3f f4.2f13)  
8 WRITE(6,15)XL,XU,EPS,NDIM 
9 15 FORMAT('0','XL=',F7.2,* XU=',F7.3,' EPS=',F4.2,' N0IM=',I3) 
10 CALL CATR(XLfXU,EPSfNOIMfFCT,YflERiAUX) 
11 hRITE(6,20)IER,Y 
12 20 FORMAT*' ERROR PARAMETER: ',11,/' ','INTEGRAL APPROXIMATION: 

1F12.5) 
13 TOTAL=TOTAL+Y 
14 GO TO 5 
15 25 wr i te(6,30) tota l  
16 30 FORMAT!'0','TOTAL AREA= *,F12.6) 
17 STOP 
18 END 

C 
C 
C THIS FUNCTION SUBPROGRAM CONTAINS THE EQUATION TO BE INTEGRATED 

19 FUNCTICN FCT(X) 
20 FCT=11*(1+(.1*X+1.6)**6)**(-.6)+.59863384 
21 RETURN 
22 END 

SENTRY 

XL=-1G.0C0 XU= -7.500 EPS=0.10 NDIM= 20 
ERROR PARAMETER: 0 
INTEGRAL APPR0XIMATICN= 26.63618 

Figure 11, (Continued) 
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XL= -7.5C0 XU= -5.000 EPS=0.10 NOIM= 20 

ERROR PARAMETERS 0 
INTEGRAL APPROXIMATION: 20.40346 

XL= -5.0CC XU= -2.500 EPS=0.10 NO:M= 20 
ERROR PARAMETERS 0 
INTEGRAL APPROXIMATICN= 12.96222 

XL= -2.5CC XU= 0.000 EPS=0.10 NDIH= 20 
ERROR PARAMETERS 0 
INTEGRAL APPRCXIMATICN= 8.01120 

XL= 0.000 XU= 2.500 EPS=0.10 NDIM= 20 
ERROR PARAMETERS 0 
INTEGRAL APPROXIMATIONS 5.32291 

XL= 2.500 XU= 5.000 EPS=0.10 NOIM= 20 
ERROR PARAMETERS 0 o 
INTEGRAL APPROXIMATIONS 3.87068 ^ 

XL= 5.000 XU= 34.000 EPS^O.IO NOIM= 20 
ERROR PARAMETERS 0 
INTEGRAL APPROXIMATIONS 22.84993 

TOTAL AREAS 100.056500 

Figure 11. (Continued) 
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$JOB «BARTA» ,TIME=5,PAGES=10 
C THIS PROGRAM PERFORMS LEAST SQUARES POLYNOMIAL CURVE FITS FROM 
C THE FIRST TO THE TENTH DEGREE, WITH THE DEGREES SPECIFIED BY THE 
C FIRST DATA CARD. 
C THE FIRST DATA CARD CONTAINS THE LOWEST DEGREE IN COLUMES 1-2, 
C AND THE HIGHEST DEGREE IN COLUMES 3-4. 
C SUCCESSIVE DATA CARDS CONTAIN ONE X AND ONE Y VALUE PER CARD 
C IN F10.3 FORMAT. X IN COLUMES 1-10» Y IN COLUMES 11-20. 
C THE PROGRAM STOPS WHEN 9999.000 IS ENCOUNTERED IN THE FIRST 10 
C COLUMES OF A CARD. 
C THE OUTPUT GIVES THE VALUE OF THE CONSTANT FIRST, THEN X, THEN 
C X SQUARED ETC. 

D I M E N S I O N  X ( 2 0 0 )  ,Y( 2 0 0  ) ,  A (  1 1 ,  l U  ,  B i l l )  , C (  1 1  ) , P ( 2 0 )  
READ 20,M,IDEG 

20 F0RMAT(2I2) 
DO 11 1=1,201 
READ 10,X( n,YU) 

10 F0RMATI2F10.3I o 
IF(X( 1) .EQ.9999.000)G0 TO 12 ^ 

11 CONTINUE 
STOP 

12 NUMBERSI-l 
ICO MX2=M*2 

DO 13 1 = 1,MX2 
p (  n = o . o  

DO 13 J=l,NUMBER 
13 P( I) = P( I ) + X(J)**I 

N=M+1 
DO 30 1 = 1,N 
DO 30 J=1,N 

Figure 12, Least squares polynomial curve fit 
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19 K=I + J-2 
20 IF(K)29,29,28 
21 28 A(I,J)=P(K) 
22 GO TO 30 
23 29 A(1,1)=NUMBER 
24 30 CONTINUE 
25 E<1)=0.0 
26 DO 21 J=l,NUMBER 
27 21 B(1)=B(1)+YCJ) 
28 DO 22 1=2,N 
29 B(I)=0.0 
30 DO 22 J = l,NUMBER 
31 22 B(I)=B(I)+Y(J)*X(J)**(I-i; 
32 NM1=N-1 
33 DO 300 K=1,NM1 
34 KP l=K+i 
35 L=K 
36 00 400 I=KP1,N 
37 IFIABS(A(I,K))-ABSIACL,K))1400,400,401 
38 401 L=I 
39 400 CONTINUE 
40 IF(L-K)500,500,405 
41 405 DO 410 J=K,N 
42 TEMP=A(K,J) 
43 A(K,J)=A(L,J) 
44 410 A( L, J) = TEMP 
45 TEMP=B(K) 
46 
47 
4 8 

0(K)=B(L) 46 
47 
4 8 

B<L)=TEMP 
46 
47 
4 8 500 00 300 I=KP1,N 

Figure 12. (Continued) 



www.manaraa.com

49 FACTOR=A(I , K i y A ( K , K I  
50 A( I,K)=0.0 
51 DO 301 J=KP1,N 
52 301 Ai I,Jl=AiI,J>-FACTOR*A(K,J) 
53 300 B(I)=B(I)-FACTOR*B(K) 
54 C(N)=B(N)/A(N,N) 
55 1=NM1 
56 710 IP1=I+1 
57 SUM=0.0 
58 DO 700 J=IPltN 
59 700 SUM=SUM+A( 
60 C(i; = (8( I)-SUMl/A( It I» 
61 1=1-1 
62 IF( I *600,800,710 
63 800 PRINT 799,M 
64 799 FORMAT*'OTHE DEGREE',13,' POLYNOMIAL FOLLOWS'» 
65 CO 900 1=1,N 
66 900 PRINT 901,I,C(I) 
67 901 FORMAT*15,F15.7) 
68 M = M+1 
69 IF<M-IDEG) 100, 100,902 
70 902 STOP 
71 END 

$entry 

the degree 1  pqlyncmial  fo l lows 
1 0.5778247 
2 -0.0130621 

Figure 12. (continued) 
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THE DEGREE 2 POLYNOMIAL FOLLOWS 
1 0.7C89751 
2 -0.0325546 
3 0.0004133 

THE DEGREE 3 PCLYNCMIAL FOLLOWS 
1 0.8369154 
2 -0.0747247 
3 0.0027579 
4 -0.0000333 

THE DEGREE 4 POLYNOMIAL FOLLOWS 
1 0.90605 58 
2 -0.1141264 
3 0.0067803 
4 -0.0001688 
5 0.C000014 

THE DEGREE 5 POLYNOMIAL FOLLOWS 
1 0.9125715 
2 -0.1216782 
3 0.008198Ô 
4 -0.0002595 
5 O.C000038 
6 -0.0000000 

Figure 12. (Continued) 

O 
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b. / * T MI g t'riQ'jit-. dILL CO-.HUr-r î VM'JE;* Zl-Jl'i t 
r^oLfio-'iiL exKr^t-::-:Io'j. STzrexc n 5j :3 JT;I M3 inr exrxessio^ A lo 
•jt :i4t\3E0 hOK EACH DlFbG^E-a PCLr^O.-iliL E ViLJi ICD. >/: 

IJ.  3ET  L l S T ( N ) :  
2J. i=j; 
5J. START: f=73'32345-/.21Sj1*l+.2n3S4*l«l-.Jj32a41*l*l*l; 
5J. HUT LI ST( r) ; 
62. 1=1+1: 
S5. IF \>\ ThE^J 30 TO 00\E: 
7/. 30 TO START: 

30\E: END HOLf; 
? 

Figure 13- Percent surviving, given a polynomial 
survivor curve 



www.manaraa.com

109 

2 .  / » 6 I V E N  a P O L Y N O M I i L  E X P R E S S I O N  F O R  A  R E T I R E M E N T  
R A T I O  C U R V E »  T H I S  P R O G R A M  W I L L  C O M P U T E  T H E  P E R C E N T  S U R V I V I N G  F O R  A G E S  
P K G K  D  T O  N  I M  I N C R E M E N T S  O r  1 . * / :  

3 .  / * I F  T H E  R E T I K E M E M T  R A T I O  G O E S  N E G A T I V E »  I T  I S  
A D J U S T E D  T O  0 . * / :  

5 .  D E C L A R E  1  C H A R ( 1 0 0 )  V A R ;  
1 0 '  P U T  L I S T C F O R  r i O W  M A N Y  Y E A R S  D O  Y O U  W A M T  T O  E X T E N D  

T r i E  S U R V I V O R  C U R V E ? '  )  :  
2 3 .  G E T  L I S T ( \ ) ;  
3 0 .  P U T  L I S J C  I N P U T  T H E  P O L Y N O M I A L  E X P R E S S  1 0 ' ^  F O R  Y .  0 0  

N O T  I N C L U D E  T H E  D E P E N D E N T  V A R I A B L E  Y  O R  T H E  =  S I G N .  U S E  T H E  L E T T E R  I  
F O R  T H E  V A R I A B L E  N A M E . ' ) ;  

4 0 .  R E A D  I N T O ( Y )  ;  
4 5 .  1  =  0 ;  
5 0 .  S U R V = 1 0 0 ;  
5 5 .  S T A R T :  P U T  I  M A G E ( I  »  S U R  V ) (  I W  )  ;  
5 6 .  I M :  I M A G E  :  

6C. Ir I• 1 ; 
6 5 .  I F  l > N  T H E N  G O  T O  D O N E ;  
7 0 .  R R = £ V A L ( Y ) ;  
n .  I F  R R < 0  T H E N  R R = 0 ;  
7 5 .  S U « ! \ l £ v /  =  S U R V - R R « » S U R V ;  
s e »  S U K V = 3 U R N E W ;  
S 5 .  6 0  T O  S T A R T ;  
9 0 .  D O N E  :  E N D  S U R V ;  

Figure 14, Percent surviving, given a polynomial 
retirement ratio curve 
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AEFENDIX B: COMPARISON OF 3TDB, SMOOTHED AND IOWA 

SUHVI70B CaSVES 
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Figure 15. Comparison of stub survivor curve, smoothed curve, and Iowa 
curve. Manufacturing Marketing, 1955-57 experience band 
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Figure 18. Comparison of stub survivor curve, smoothei curva, and Iowa 
curve. Manufacturing Marketing, 1967-69 experience band 
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Figure 19. Comparison of stub survivor curve, smoothei curve, and iDwa 
curve. Manufacturing Marketing, 1970-72 experience band 
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re 20. Comparison of stub survivor curve, smoothed curve, and Iowa 
curve. Office, Career Career College Graduates, 1961-63 
experience band 
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Figure 24. Comparison oC stub survivor curve, smoothed curve, and Iowa  
curve, utility Meter Headers, 1969-71 experience band 
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Figure 25. Comparison of stub survivor curve, smoothed curve, and Iowa 
curve, Dtility Meter Readers, 1970-72 experience band 
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Figure 26. Comparison of stub survivor curve, smoothed curve, and Iowa 
curve, Utility Meter Readers, 1971-73 experience band 
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Figure 27. Comparison of stub survivor curve, smoothed curve, 
curve. Utility Mechanics, 1969-71 experience band 
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Figure 28. Comparison of stub survivor curve, smoothed curve, and lowa 
curve, utility Mechanics, 1970-72 experience band 
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Figure 33. Comparison of stub survivor curve, smoothed curve, and Iowa 
curve. Utility Laborers, 1969-71 experience band 
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Figure 34. Comparison of stub survivor curve, saoothei curve, and Iowa 
curve. Utility Laborers, 1970-72 experience band 
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Figure 35. Comparison of stub survivor curve, smoothed curve, and Iowa 
curve. Utility Laborers, 1971-73 experience band 
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Figure 36. Comparison of stub survivor curve, smoothed curve, and Iowa 
curve, utility Ironworkers, 1969-71 experiance band 
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Figure 37, Comparison of stub survivor curve, smoothel curve, and Iowa 
curve. Utility Ironworkers, 1970-72 experisnce band 

CO 



www.manaraa.com

100 

tr 
a 

•rl 
> 
•rl 
> 
w 
a 
M 

+» 
0 
O) 
u 
M 
0) 
eu 

= Stub 

= Smoothed 

= Iowa oa, 1 ASL 

m 

ri n 

24 28 32 36 
Age (Years) 

Figure 38. Comparison of stub survivor curve, smoothed curve, and Iowa 
curve. Utility Ironworkers, 1971-73 experience band 
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Figure 40. Comparison of stub survivor curve, smoothed curve, and iDna 
curve. Utility Union Employees, 1970-72 experience band 
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Figure 41. Comparison of stub survivor curve, smoothed curve, and Iowa 
curve. Utility Onion Employees, 1971-73 experience band 
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Figure 42. Manufacturing Marketing, original group, 1958-60 
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.guce 43. Manufacturing Marketing, original group, 1961-63 
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Figure 44. Manufacturing Marketing, original group, 1964-66 
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Figure 46. Office Career College Sraduates, original group, 1961-63 
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Figure 47. Office Career College Graduates, original group, 1954-66. 
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Figure 48. Office Career College Graduates, original group, 1967-69 
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Figure 49, Utility Meter Readers, original group, 1959-71 
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Figure 51. Utility Mechanics, original group, 1969-71 
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Figure 52. Utility Mechanics, original group, 1970-72 
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Figure 53. Utility Coal and Ash Handlers, original group, 1969-71 
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Figure 54. Utility Coal aad Ash Handlers, original group, 1970-72 
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Figure 55. Utility Ironworkers, original group, 1969-71 
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Figure 66. Utility Ironworkers, original group, 1970-72 
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gure 57. utility Laborers, original group, 1969-71 

Ln 
Lu 



www.manaraa.com

100 

90 

80 

g" 70 
•H 

•H 

+> 
a 

8 
u 
0) 
04 

60 

50 

40 

30 

20 

10  

O = Actual 

. = Iowa OU, . 5 ASL 

Ul 

24 28 32 36 
Age (Years) 

Figure 58. Utility Laborers, original group, 1970-72 
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Figure 59. Utility Union Employees, original group, 1969-71 
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Table 9. Historical arrangement cf Manufacturing Marketing Employees 

c ' l c N T  : :  4 : :  T i t  :  T  r  C ' A  T A  £ > A O Ç  I  O F  4  

- .  i \ T  i C O .  
P L A N T  I N  R  : T | ; E :  :  T  i  J :  V I V I  ̂ 3  P L A N T  Ô Y  6  3 :  J i '  v . i c y  :  

i E Â V l C Ç  D U ?  f  s . "  - "  -  £  i  :  Ç  =  '  1  =  Ç M c N T S  :  ;  v  
Y E A R  J A V J & R y  I  f r  i t  : :  - . T - . o s s  3 . 5  1  .  3  3 . 5  ^  ' S  . 5  6 . 5  

1 5 4  1  C .  0 .  J  .  0 .  3 .  
z .  ^ •  0 .  \J $ j .  j .  3 .  3 .  J .  

1 9 4 2  I .  0 .  1 .  0  •  D .  3 .  2 .  0 .  3 .  
V $ c .  0 .  0 .  0 .  3 .  C  •  3  .  0 .  

1 9 4 3  1 .  0 .  0 .  1 .  0 .  0. ? .  0 .  0 .  
0 .  0 .  0 .  0 .  0 .  0 .  0. 0 .  0 .  

1 9 4 4  1 .  1 .  0 .  0 .  I .  0 .  0 .  0. 0 .  
0 .  0 .  0 .  0 .  0 .  0. 0 .  0 .  a. 

1 9 4 5  2 .  z .  1 .  0 .  1 .  0. 3 .  3 .  
0 .  0 .  0 .  0 .  0 .  3 .  c. 0. 0 .  

1 9 4 6  4 .  6 .  2 .  1 .  3 .  ) . 0 .  0 .  
• j .  0 .  0 .  0 .  3 .  3. J .  3 .  

1 9 4 7  1 0 .  : 3 .  6  •  2  .  1  .  0 .  : .  I. 0 .  
1 .  u  3 .  0 .  3 .  r, ^  .  3 .  

1 9 4 6  2 1 .  1 4 .  1 1 .  6 .  2 .  1 .  3. 1 .  
3 .  3 .  0 .  0. 3 .  3 .  0 .  0 .  

1 9 4 9  3 2 .  1 6 .  1 1 .  1 1 .  6 .  2 .  1 .  0 .  0 .  
1 .  1 .  3 .  0 .  0 .  3 .  0 .  0 ,  0 .  

1 9 5 0  4 7 .  7 .  1 5 .  1 1 .  1 1 .  6 .  2 .  1 .  0 .  
5 .  0 .  3 .  1 .  I .  ], 7 .  3 .  0 .  

1 9 5 1  4 9 .  7 .  7 .  1 2 .  1  j .  1  V  .  2  .  1 .  
3 .  I .  0 .  1 .  1 .  3 .  t ,  3. 

1 9 5 2  5 3 .  6 .  5 .  7 .  1  1  .  9  .  1  s .  2 .  
1 .  J ,  I .  C .  0 .  0 .  ;, } .  0  .  

1 9 5 3  5 B .  • 5  .  { .  1 1 .  z .  1 3 .  6 .  
1 .  0 .  0 .  0 .  J .  0 .  I .  3 .  

1 9 5 4  7 0 .  1 4 .  1 3 .  6 .  5  .  7 .  i 1 .  9 .  
3 .  I .  1 .  Û .  0 .  1 .  3. 

1 9 5 5  3 1 .  5 .  1 3 .  U .  6 .  5 .  6 .  1 1 .  9 .  
5 .  1 .  3 .  1  .  3  .  : .  3. 

1 9 5 6  3 1 .  1 3 .  5 .  1 2 .  9 .  5 .  5 .  6 .  1 1 .  
0 .  0 .  0 .  I .  0 .  1 .  0 .  0. 

1 9 5 7  9 0 .  6 .  1 3 .  5 .  1 2 .  9 .  5 .  4  .  6 .  
6 .  0 .  2 .  0 .  I  .  1 .  1 .  3. 

1 9 5 3  S O .  6 .  6 .  1 1 .  5  .  11 . 7 .  5 .  3 .  
•'». 0 .  0 .  2 .  3 .  1, 0 ,  0  .  0 .  
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Table 9. (Continued) 

k  7  :  i  :  j .  
9 .  0 .  1 .  

1S6C  96 .  u .  13 .  
4 .  0 .  3 .  

1561  lûo .  13 .  14 .  
3 .  0 .  0 .  

1  111 .  11 .  13 .  
7 .  1 .  1  .  

1963  115 .  17 .  10 .  
6 .  1 .  1 .  

1964  126 .  13 .  16 .  
11 .  0 .  0 .  

1965  128 .  24 .  13 .  
11 .  0 .  ?.. 

1966 141  .  21 .  24 .  
14 .  I. 2 .  

1967  148 .  27 .  : o .  
6 .  0 .  . # 

z I c9 .  24 .  2  7 .  
1 9 .  2 .  1 .  

•- 174  .  40. 11. 

17 .  1 .  1  «  
197 .  35 .  39 .  

20 .  1 .  4 .  
-.971 : i 2 .  23 .  3 4 .  

18 .  0 .  3 .  
197i 217 .  35 .  23 .  

20 .  1 .  6  .  
:973  232 .  33 .  34 .  

17, 2 .  ^ ' 

TCT &L E ' .FG S U BES 4  72 .  4 2 4 .  

t:tal RETIREMENTS 1 7 .  38 .  

t. 
2 .  
5 .  
0 .  

13. 
4 .  

It. 

12. 
2 .  
9 .  
1. 

16 .  
3  «  

11. 
3. 

: 2 ,  

Jo. 
2 « 

-  w  •  

4 .  
2 1 .  

8 .  
35 .  

1 .  
31 .  

2 . 
17 .  
2. 

9 .  
1. 
4  .  
0. 
5 .  
0. 

14 .  
0 .  

10.  
0. 
9 .  
3 .  

13 .  
1 .  

3 .  
: J. 

4 .  
1 6  .  

I . 
13 .  
3 .  

34 .  

2-1. 

3 .  

5 .  
0.  
9 .  
I. 
4 .  
0. 
5 .  

7. 
I. 

14 .  
3 .  

1 0 .  
0 .  
5 .  
0 .  

1 2 .  
3 .  
5. 
I. 

1 6 .  
b. 

14  .  
1 . 
IP. 

4 .  
10 .  

0 . 
30 .  
4. 

1:. 

7 .  
2 .  
4 .  
0. 
5. 
0. 
6. 
2 .  

1 1 .  
0.  
10. 
2. 

5 .  
1 .  

12. 
i .  
4. 
L #  

1 3 .  
1 .  
13. 
1.  

1 1. 
1 .  

10. 

7. 
0. 
IC. 
3. 
i •  
3 .  
5 . 

•J « 

5 .  
1. 
4 .  
0 .  

11. 
2 .  

z  •  

3. 
9 .  
2 . 

U . 
1 . 

0, 

1. 
f. 
1.  
U. 
1. 
.  

0 .  
4 .  
0 .  
4 .  
0 .  
4 .  
2 .  
4  •  
0. 

9 .  
0. 
3 .  
'j. 
4  .  

0. 
1 1 .  
1. 
4 .  
1 . 
7 .  
3 .  

13 .  
3 .  

Ui 

354 .  296 .  

34 .  

236 .  

24 .  

lafc. 
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'.ï4. 

1 1 .  

144. 
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Table 9. (Continued) 

195"»  

1960  

196  1  

1962  

1963  

1964  

1965 

1966  

1967  

1963  

1969  

197C  

1971  

1972 

1973  

TOTAL EXP .  

TO T A L  RET.  

4 . 
I . 

9 .  
1 .  

5 .  
C .  
4 .  
1 .  
4 .  

y. 
1 .  
ô. 
1 .  
4 .  
J. 
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1. 
i. 
0 .  
7 .  
1 .  

127 .  

0 .  

1.  

3 .  
3 • 
0 .  
c .  
0 .  
a. 
0 .  
5 .  
0. 
3 .  

C • 
0. 
4 .  

J. 
7 .  
1 .  

4 .  
1. 
9 .  
1 .  
3 .  
0. 

1 1 2 .  

6 • 

10 .  
l. 
5 .  

1 .  
3 .  
0 .  
3 .  
1. 
6.  
0.  
a. 
1 .  
3 .  

0 .  

0 .  
3 .  

0 .  

l u  j .  

r. 

6 .  
1.  
9 .  
0 .  
4 . 
0 .  
3 .  
0 .  
2 .  
0 .  
6 .  
0. 
7 .  

3. 
4. 
1 .  
3 .  

4  «  
0 .  
2 .  
0 .  
4 .  
0 .  
T .  
0 .  
6 • 
0. 
2 .  
0 .  

33 .  

2 . 
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Table 9. (Continued) 

1 9 5 c  0 .  0 .  0 .  0 ,  
«• w'» 0» * # V* 

1959  I .  0 .  0 .  ) .  
V*  0«  D» 0»  

1960  1 .  0 ,  j .  
#  V # 0 » »  V  #  

1961  0 .  I .  : •  
0* Or V # 0» 

19o2 I. 0. 0. U J. 
J # 0* 0« 0* 0* 

1963  2 .  I .  0 .  0 .  1 .  
C •  Oa  0»  0*  0*  

1964 6. 2. 1. 0. 0 .  
0 .  0 .  0 .  0 .  0 .  

1965  3 .  6 .  2 .  ! •  0 .  

1  5 .  o ,  2 .  I .  
]. 3. i. 

- * 4 # z t 0 * c * 1961  

I960  ^  »  6»  r  #  5  #  
w  # 0» !• 0 # *'• 

19c9  2 .  4*  c ,  3 ,  5 .  
%>• 0* \)« 0 # 0* 

19 7 C L # 2 * 6» 3» 
0» 0» 0» Oa 0» 

1971  6 .  2 .  2 .  4a  / , « .  
Vrf» 0« V # 3 $ Oa 

1972 6» 6a 2. 2a 4. 
^ a 0* V * 0 # 0 » 

19 73 3< 6a 6. 2 a 2* 
V a 0*  0 a Oa Oa 

TO TA L EXP .  52a 48a 42. 35. 33a 

TOTAL RET.  0 .  I .  0 .  1 .  
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Table 9. (Continued) 

M F G l  
h i s t j s i c a l  i h  r  a  ,  . - , 5  m ?  m  - ^ u p t a u i t f  :  '  i  :-r  : F  

ij'-vwr.; :L:',T i;î .A'WA=* : 
K5T|:S^:\TS THÇ)= rBOV 

Y E A k  / 7 , 5  2 o . 5  2  9 . 5  3 0 . 5  3  1 . 5  
1 9 4 1  0 . J .  0 .  . • V • 

0  «  J • 0 .  0 .  
1 9 4 2  L $ 0 .  c. c. 

0 .  0 ,  j • 0 .  0 .  
l-i'.i v$ 0. V # 0 .  0 . 

j* 0 .  0 .  
1 9 4 4  0 .  G .  0 .  0  •  

c ,  u • 0 .  ).  V • 
1 9 4 5  V • ^ • V • c. 

0 »  J. V. . • 

1 9 4 6  2 ,  ^, / •  3. ^ ,  

0 ,  ). 0 .  0 .  c • 
1 9 4 7  J • c • 

u » ?. 0 .  3, 

1 9 4 £  C. D. 0 .  3. U • 
C. 3. û. û. c. 

1 9 4 9  c • J. •j . 0 .  c • 
Jl 0 .  \J « 

l ' 3 5 o  .. , V. 0 .  c. 0, 
c • 0 .  0 .  3 . 

1 9 5 1  J , ]. 0 .  c • 
c • 0 .  0 .  C  •  

1 9 5 2  c, 0 .  , f 
w # 0 .  0 .  j • 0 .  

1 9 5 3  k/* 0 .  c. 

'tf • )• 0  •  j. V t 

1 9 5 4  ^ • V • 0 .  0. 0 • 
c • 0. 0 .  0 .  0» 

1 9 5 5  ; • 0 .  0 .  0 .  0 .  
• J .  0 .  0 .  

1 9 5 6  y • ij. 0 .  J .  0, 
0 .  j. 0 ,  J .  0  .  

1 9 5 7  C , >7 • % G. 
0 I 0. 0 .  • «, • 
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Table  9 ,  (Cont inued)  

i. "i 3 s 

1 9 5 9  

1 9 6 0  

1 9 6 1  

1 9 6 :  

1 9 6 3  

1 9 6 4  

1 9 6 5  

.96c 

:9i7 

• : 

'.h T. 

1Î7: 

T O T A L  

t o t a l  - t .  
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Table 10. Actuarial trend analysis of Manufacturing Marketing Employees 

$TiT: 
iCT ,i = ! 

.s; VEPSI ry 
; s \ : «'.iL Y - I 

; \ j i c - r  " .'• V  :  À  -  . '  f  .  i  -  "  -  C  *  .  i  . :  ;  r  :  -

r î T i = E - v : ' , î  U  :  =  •  ; 3  =  : P 3 T  ; : : \ o  
i i - ,  . : = u R £ c  J- ' i 

: 9 s  1 - 1  4 4 :  1 9 ^ . 0  ; ,  ; ,  j  «  w » 
1  9 ) . v  >  V ,  ". •• 7 # _ ~i • 0 .  J.  -- • 

1 9 4 3 - 1 9 ^ 5  ;  9 9 . 0  . / V  * w »  y .  C  J .  V • J .  ^ • 
1 9 4 4 - 1 9 s o  1 9 9 , :  1 9 9 .  :  "  - )  «  J  ) .  ] .  
i9s 5- 19*» 7 i 94 .0 :  : •  V , .  y T » ]. J. 0. ' • 

194 6- I *5 'f S 1  9 9 .  G  '.99. : •. -5 . Ù 0. r ^ .  ;i. V • 
194.'-19'.ç 199 .0 1 9  < ; ,  0  j • 0, u  $  J » 

1946-1950 1 3 5 . 9  ! i • i 3  5  . r  5  •  5, 7 • 5. 
i  4 6  . 2  & » ) "t 7. 7. 

1 9 5 C - 1 4 - X  i  3 6  .  /  ,6 i 3 :. :  j , 9. 
1^5;- I .  i .  0  i i. t . .. 1. • - • *• • ^ f -

1 9  5  Î  -  1  s  :  •  >  l'j3 . i V • *  •  
.96 3- :  -  .  1 ^ y t ' f « 
195^--/.':: I  c J .  . '  1  .  ! , 
1 •-•- . ' •> i i v-> • .*1 
10 5c- I'•? : i j j .  ;  1 1 ̂  & .4. 1- . 
1  5 5 7 - . 9 = > - ^  7J .2 « . / • ' . 'r 19. . V  
1 9  5  i -  t. rO 1',.  6  • . . J • .  1 •'. 
1959-i 7o; o ) • r. * O # f CI. ,1 !. 
1 9 ;  :  VJ . ' ~ c. : t - » . 1* » . : 

1 3 1 _ -.'j J * < .  .  1 "r 
i 9 ù L -  :  . 6  - .  i 7  .  '  . . .  •  ;  z 1 * . 1 
I'it,'- : :.C ' • ,  6  .  J ; •», : ' . :  7 .  

<-).c - . . •  3  5 .  
•-'l' > 0  .  11 

1 9 6 6 - 1  v o  -jI) . 5 - 1 * 9  . . .  o ; ';h. 36. 3fr 
1 9 6  7 - 1 9 5 9  t'O . 0 ... ? •9. 3 9 .  3̂ : 
19of)- 197 J .w.o . * 1  ./ » 7 4 .  92 . 
1 9 6 9 - 1 9 7  :  .  s  *  .  . i. r 4  #  : 
1 9 7 0 - 1 9 7 . ?  J 3 .  i i* H 1 1 .c : 0 .  :i 6  .  0 . 56 
1 9 7 1 -  1 < 7  •  ' . 4 .  : - t  . c • ? .  C  f y 3 2 .  »• 1- • 

1 9 4 i - l  - , 7 .  •> J .  1 . 7 .  . ' 9 . ' 

ii4Z ; ; % j, 1 •. ' i ; 7. :0 . • : 7 
r ; s 3 - ;  ; /  ;  . 1 .  - •* % 1 ;  J  f .  :v - .  • 7 7. : .1 
. 9 . 4 -  ;  :  /  '  ^ . . « •  ,  ' •  _ • ; •  J  y  , : :  ̂  
i . " • .  ! , 1 . . 7, .  :  /  
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Table 10. (Continued) 

l i t b -  .  i  i  j  
19-i7-:s/3 
1 9 4 6 - :  , 7  3 ,  
i 9 4 9 - 1 4  7  3  
195Ù-". VI  i  
1 9 5 1 - 1 9 7 3  
1 9 5 2 - 1 0 7 5  
1953-1 
1954-1-7: 
1 9 5 5 - l v / j  
1 9  5 6 - 1 3 7 3  
1 9 5 7 - 1 9 7 3  
1 9 5 8 - 1 9 ? )  
1 9 5 9 - 1 9 7 3  
1 9 6 0 - 1 9 7 3  
1 9 6 1 -  1 9 7  j  

1 9 6 2 - 1 9 7 2  
1  9  î  3 -  1  
; 954-117% 
196;- >:7:-

: s ; 10 ; 
I3t;9-14' . 
1 9 7 : -  i O : . ,  
1 9 7 1 -  i , 9 7 j  
1 9  7 2 -  1 9 7 :  
1 9  7  2 -  1 9 ;  ;  

. j ,. / » » . f * 
r i  .  :  3  ' . • > • 0  

•••j • 3 i ' • 1 . ** • 0 
c < , c 1 >» . d 
o 1 . J . ô. i 1 '' • 7 
ol»J .^ « y 1^*5 
- j j . î  I b . i  1  " .  j  
j  j  #  9  .  o  *  V /  L  t  $  9  
Î7.t 15.7 .3. G 
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54 .4 1 i. . J . 
53.2 ;• . 5 12.7 
3 2  « 2  I  ;  >  o  . «  " j  
50.5 15.c 12.2 
51.1 ;5.7 12.3 
4^.3 ; 5. c i-:.i 
43.7 . «.9 i2.l 
• - ' » i  l - > ' t  î i . '  

t 1 - . 4 1 . >» 
^ v * k 
. / . -* # i 1 1 , h 

• L • ̂  ' 11»'* 
4 ',. 5 !. 1. ) 
•+d.7 1 d. 4 11.7 
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4 3 . 2  1 4 ,7 1 3 . 3  
>i>.'3 j C . 3  1 5 . 1  
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200 .  
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196. 
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! 3  7 .  
. 3  1 .  
m. 
168. 
1 6 4 .  

l 5o. 
• ' i ) ,  

1^5. 
1 3 •» . 

3 2 .  
3 4 ,  
15. 
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loo. 
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19e. 
1 9 6 .  
191 . 
1 8 7 .  
1 8 1 .  
1 7 7 .  
1 6 8 .  
1 6 4 .  

1 5 6 .  
1  5 0  .  
1 4 5  .  
1 3 4  ,  
• 2 3  .  
!10 .  

• • > 7 .  
7 1  .  
5 2 .  
3 4 .  
1 5 .  

a» 
•J 



www.manaraa.com

Table 11. Actuarial trend analysis of Office, Career College Graduates 

I O W A  S T A T E  U N I V E R S I T Y  
A C T U A R I A L  T R E N D  A N A L Y S I S  

o f f  i c e  1  

I N D I C A T E D  A V E R A G E  L I F E  A C T U A L  I N D I C A T E :  o . r T l R E M E M S  F I T T E D  
R E T l R c M F N T  f  I R S T  S E C O N C  T H I » : - R E T I R E M E N T S  F I R S T  S E C O N D  T H I f t O  

E A N C  c e g f . e e  d e g r e e  D E G S c c  F I T T E D  D E G R E E  D E G R E E  D E G R E E  

1 9 6 1 - 1 9 6 3  1 2 7 . 4  1 3 0 .  6  9 . 6  1 0 .  1 0 .  1 3 .  1 0 .  
1 9 6 2 - 1 9 6 4  9 1 . 6  2 . 9  2 . 9  2 1 .  2 1 .  2 1 .  2 1 .  
1 9 6 3 - 1 9 6 5  8 5 . 4  2 .  9  4 9 . 0  3 7 .  3 7 .  3 7 .  3 7 .  
1 9 6 4 - 1 9 6 6  8 4 . 6  3 .  t 5 4 . 9  5 2 .  5 2 ,  5 2 .  5 2 .  
1 9 6 5 - 1 9 6 7  0 2 . a  4 .  3  6 6  « 4  5 6 .  5 6 .  5 6 .  5 6 .  
1 9 6 6 - 1 9 6 6  7 7 . 5  5 .  2  1 2 . 1  5 9 .  5 9 .  5 9 .  5 9 .  
1 9 6 7 - 1 9 6 9  7 7 . 7  9 . 4  5 . 9  5 5 .  5 5 .  5 5 .  5 5 .  
1 9 6 8 - 1 9 7 0  5 6 . 0  4 .  6  4 5 . 9  7 4 .  7 4 .  7 4 .  7 4 .  
1 9 6 9 - 1 9 7 1  6 5 . 5  6 .  1  5 9 . 8  6 5 .  6 5 .  6 5 .  6 5 .  
1 9 6 1 - 1 9 7 1  7 0 . 5  6 . 3  6 2 . 7  1 6 5 .  1 6 5 .  1 6 5 .  1 6 5 .  
1 9 6 2 - 1 9 7 1  7 0 . 5  6 .  3  6 2 . 7  1 6 5 .  1 6 5 .  1 6 5 .  1 6 5 .  
1 9 6 3 - 1 9 7 1  7 0 . 3  6 . 2  6 2 . 0  1 6 1 .  1 6 1 .  1 6 1 .  1 6 1 .  
1 9 6 4 - 1 9 7 1  6 9 . 1  6 .  1  6 0 . 4  1 5 5 .  1 5 5 .  1 5 5 .  1 5 5 .  
1 9 6 5 - 1 9 7 1  6 8 . 4  6 .  C  5 9 . 7  1 4 4 .  1 4 4 .  1 4 4 .  1 4 4 .  
1 9 6 6 - 1 9 7 1  6 9 . 7  6 .  2  6 2 . 0  1 2 4 .  1 2 4 ,  1 2 4 .  1 2 4 .  
1 9 6 7 - 1 9 7 1  6 8 . 9  6 .  6  6 3  1 6  1 0 3 .  1 0 3 .  1 0 3 .  1 0 3 .  
1 9 6 8 - 1 9 7 1  6 4 . 5  6 . 0  5 6 . 6  8 8 .  8 8 .  3 8 .  8 6 .  
1 9 6 9 - 1 9 7 1  6 5 . 5  6 .  1  5 9 . 8  6 5 .  6 5 .  6 5 .  6 5 .  
1 9 7 0 - 1 9 7 1  5 8 . 4  5 .  8  5 2 . 7  4 8 .  4 8 .  4 8 .  4 8 .  
1 9 7 1 - 1 9 7 1  9 1 . 7  1 0 .  5  7 . 7  1 4 .  1 5 .  1 4 .  1 4 .  
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Table 12. Historical arrangement of Utility Meter Readers 

H I S T C S I C A L  «  =  :  :  )  C ? ' ' E N T  O F  K O R T A L I T i C  
U T I L - H R  

: a i  i P i G E  1  O F  

1964 

1970 

1 9 7 1  

1972 

1973 

= Li'.T I 
IE" / i ^ ! 

ji. 

PLANT ADO. 
ÏÏTIJrO ;=TICEO 

THESE 
let? iOvlTlCNS 

14Û. 

143. 

146. 

I 8 s .  

TCTAL rX:.:5l,PcS 

TOTAL (•ETIrtfc-c.rS 

23. 

19. 

29. 

. 1 .  

cD. 
16. 
2d. 
20.  
25. 
17. 
71. 
25. 
45. 
25. 

1 9 4 .  

103.  

0 . 5  

3 .  
0 .  
9.  
5.  
8. 
0. 
8 .  
0.  

46.  
13.  

7 4 .  

18. 

â u P v l v : L A \ T  BY  A G E  J A N U A R Y  !  
rÇ r1 ;Ti THERE FPGM 

a. 
1. 

0. 
4. 
0. 
8 . 
0. 
8 .  
0 .  

1. 

2.5 j.5 

J . 
2 .  
Û .  
3 .  
0. 
4. 
0 .  
8 .  
3. 

20.  

2. 
0 .  
3. 
0 .  
2 .  
0. 
3. 
1 .  
4. 
1 .  

14. 

2 .  

7 .  
0. 
2 .  
1. 
3 .  
1. 
2 .  
0 .  
2. 
0. 

16. 

6 .  
0. 
7 . 
0 .  
1 .  
0 .  
2 • 
0. 
2 .  
3. 

6 . J 

f . 

6 .  
1. 
7 .  
0. 

0 .  
2 .  
3. 

2 3 .  

2 .  

cr« 
VÛ 

S'Jt. V I V t\3 rLA\T BY A .IE JANUARY 1 
<<£TlScMeNT5 THESic FROM 

YEAk 'i.t y. 5 <i.5 13.5 11.5 12.5 13.5 14.5 15.: 16. : 

1969 2. 0. 6. 4. 7. 9. 1« 4. 11. 3. 
0 .  0 .  0 .  0 .  0 .  0 .  0 .  1 .  Ï  .  0 .  

1970 6. 2. 0. d. 4. 7. 9. 1. 3. 10. 
3. 0. 0. 0. 0. 0. 0. 0. 0. 3. 

1971 3. 6. 2. 0. 8. 4. 7. 9. 1. 3. 
C. 0. 0. 0. I. 0. 0. 0. 0. 3. 

1972 7. 5. 6. 2. 0. 7. 4. 7. 9. I. 
0 .  0 .  0 .  0. 0 .  0 .  0 .  0 .  0 .  0 .  

1973 1. J .  5. 6. 2. 0. 7. 4. 7. 9. 
3» 0. 0. 0. 0. 0. 0. 0. 0. 3. 

TOTAL exP. il. 20. 21. 20. 21. 27. 2D. 25. 31. 31. 

TOTAL AET. 'i , J. 0. 0. 1. 0. 3. I. !• 0» 
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Table 12. (continued) 

SUftViVtUG PLftNr ÏY iiE JASU&; 1 •. 
RETIREMENTS THERE FPOM 

Y E A R  1 7 . 5  1 3 . 5  1 9 , 5  2 0 . 5  2 1 . 5  2 2 . 5  2 3 . 5  2 4 . 5  2 5 . 5  2 6 . 5  

1 9 6 4  5 »  6 .  3 «  7 .  V  #  4 .  4  #  2 .  3 .  I .  
0. 0. 0. 1. 0. 0. 0. 0. 0. 0. 

1 9 7 0  6 .  e. 6. 3. 6 .  9 .  4 .  4 .  2. 3 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 »  0 .  V .  1 .  

1 5 7 1  1 0 .  6 .  8 .  6 .  3 .  6 .  9 .  4 .  4 .  2 .  
C *  0 .  0 .  0 .  0 .  0 .  0 «  0 .  Û .  0 .  

1572 10 .  a,  8 .  fc ,  3 .  o .  9.  4 .  
V. 0. 0. 0. 0. 0. 0. 1. 0. 0. 

1 5 7 3  1 .  3 .  1 0 .  8 .  8 .  6 .  3 .  6 .  8 .  4 .  
C .  0 .  0 .  0 .  C .  3 .  0 .  1 .  0 .  0 .  

T O T A L  E X P .  3 0 .  3 5 .  3 5 .  3 2 .  3 2 .  2 8 .  2 6 .  2 5 .  2 1 .  1 4 .  

T O T A L  R E T .  C .  0 .  0 .  1 .  0 .  0. 0 .  2 .  3 .  l <  

JU=7lvI.'.G .-L'A: AjH jiNvirf 1 
PETlnt«;NTS TnE'-.E 

V E A R  i T . r  2 6 . 5  d<i.î> ij.5 3 1 . 5  3 : . i  3 3 . 5  3 4 .  5  5 5 . 5  j f c . 5  

" 9 6 9  1 .  v .  0 .  2 .  0 .  0 .  C .  0 .  

* ^ J # 3, J » 0» 0» 0» 
1970  1 .  1 ,  0 .  0 .  0 .  2 .  1 .  0 .  0 .  0 .  

^ ^ * J. C. 0. 0. 0. 0. 1, 
^ ^ 7 1  2 .  i .  1 .  d .  .  2 .  1 .  0 .  j .  

• -J • 0« 0» 0» D # Of 0 * 0 # 
^ 1* 1. 0. ) . 0. 2. 1. 0. 
1* 'j. 1* 3. Z, -7. 0. 0. 0. 0. 

' ^ ^ 3  4 .  1 .  2 .  0 .  i .  J .  0 .  0 .  a .  1 .  
- ' ^' J. 0. Û. 3. 0. 0. I. 0. 

T O T A L  E X P .  1 0 .  5 .  4 .  1 .  3 .  3 .  J .  3 .  3 .  1 .  

t o t a l  r c t .  1 .  j .  1 .  c .  ? .  0 .  0 .  1 .  ] .  

o  
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Table 12. (Continued) 

H l S T û S . I C i L  A C D & N C E M S N T  O f  M O R T A L I T Y  D A T A  
L T I L - f R  " A G S  5  O F  

C E A R  
1 9 6 5  

19 70  

1971  

1 9 7 2  

1 9 7 3  

:-7.3 

G .  
û. 
0. 
c. 

38 .5  
1. 
1 .  
0 .  
0 .  
3. 
û .  
0. 
0« 
0 .  

s i . i ^ v r . r . : .  ?y s : ç  j a n'i.-.c,, 
R E T T M E i :  F S j y  

total UF. 

total REf. 

1 . 

1 .  
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Table 13. Actuarial trend analysis of Utility Meter Readers 

i:WA 5TAIE CMVÊRSITY 
iCTLifilAL TPtSC A#LyS tS 

»  *  <  4  V A  I E  i  ̂ Î  - i  i  : . i i-r .'•C r-jAL ..zr;; y» s t | r  r  T  

'• 1". ir J'. - , - r - i  .  [ C v  T  
i A N C  : 5 t ? . E £  j z u s s e  £1 - " 3P - : Z c  3 ^ r  :  

: S 6 9 -  l  î T i  » 1 .  i  •  0  1 3 . 0  1  0  .  : t. 1 6  .  1 6  .  
1 9 7 0 - 1 9 7 2  7 3 . 4  *  o .  t  • » 3 . U  1 4 .  1 4 .  1  1 4 .  
1 9 7 1 - 1 9 7 3  D  ' f  .  4  1 4 .  7  1 9 . / :  2 2 .  2 2 .  2 3 .  2 3 .  
1 9 6 9 - 1 9 7 3  5 1 . 5  1 2 . 7  1 3 .  1  3 6 .  3 6 .  3 7 .  3 7  .  
i 9 7 C - l S 7 3  4 3 . 7  1 2 . o  2 3 . 6  3 3 .  3 1 .  3 1 .  3 ( .  
1 9 7 1 -  1 9  7  3  5 4 . 4  1 4 .  7  1 9 .  2  2 2 .  2 2 .  2 3  .  2 3 .  
1 9 7 2 - 1 9 7 3  3 9  . 7  1 2 . 9  1 6 . 2  2 0 .  2 0 .  2 1 .  2 1  ,  
1 9 7 3 - 1 S 7 3  ^ 4 . 2  I C .  1  1 1 . 3  1 6 .  1 6 .  1 7 .  1 7 .  
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Table 14, Historical arrangement of Utility Mechanics 

h i s t o r i c a l  a r r a n g e m e n t  o f  m o r t a l i t y  d a t a  
u t i l - h e c  

y e a r  

1 9 6 9  

1 9 7 0  

1971 

1972 

1 9 7 3  

p l a n t  i s  
s e r v i c e  

j a n u a r y  1  

8 4 .  

9 2 .  

8 5 .  

9 1 .  

9 5 .  

» l a n t  a d d .  
r e t i r e d  r e t i r e d  

o u r  i n g  f r o m  t h e s e  
y e a r  a d d i t i o n s  

t o t a l  e x p o s u r e s  

t o t a l  r e t i r e m e n t s  

2 2 .  

3 0 .  

1 1 .  

1 3 .  

1 4 .  

3 0 .  
1 9 .  
2 3 .  
1 7 .  
17. 
10. 
17. 
12.  
16. 

9 .  

1 0 3 .  

6 7 .  

0 . 5  

9 .  
1 .  

1 1 .  
7 .  
6. 
0 .  
7 .  
0.  
5 .  
4 .  

3 8 .  

1 2 .  

P A G E  1  O F  5  

s u r v i v i n g  p l a n t  q y  a g e  j a n u a r y  1  
R E T I R E M E N T S  T H E R E  F R O M  

1 . 5  

6 .  
0 .  
 . 
1 .  

4 .  
0. 
 . 
0. 
7 .  
0.  

3 1 .  

1 .  

2 . 5  3 . 5  4 . 5  

3 .  
1 .  
6 .  
2. 
7 .  
0. 
4 .  
0 .  
6 .  
0 .  

26.  

3. 

2. 
0 .  
2 .  
0. 
4 .  
0. 
7 .  
0.  
4 .  
0.  

1 9 .  

0 .  

7 .  
1 .  
2. 
0. 
2 .  
0. 
4 .  
0 .  
7 .  
0 .  

2 2 .  

1. 

5 . 5  

2. 
0 .  
6 .  
0. 
2 .  
0 .  
2 .  
0 .  
4 .  
0 .  

1 6 .  

0 .  

t .  5  

4  .  
0 .  
2 .  
1. 
6 . 
0.  
2 .  
0 .  
2 .  
0 .  

16. 

1 .  

s u r v i v i n g  p l a n t  b y  a g e  j a n u a r y  1  
r e t i r e m e n t s  t h e r e  f r o m  

y e a r  7 . 5  8 . 5  9 . 5  1 0 . 5  1 1 . 5  1 2 . 5  1 3 . 5  1 4 . 5  1 5 . 5  1 6 . 5  

1 9 6 9  2 .  1 .  3 .  3 .  8 .  4 .  3 .  6 .  2 .  5 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

1 9 7 0  4 .  2 .  1 .  3 .  3 .  8 .  4 .  3 .  6 .  2 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

1 9 7 1  1 .  4 .  2 .  1 .  3 .  3 .  8 .  4 .  3 .  6 .  
c .  0 .  0 .  0 .  0 .  0 .  Û .  0 .  0 .  0 .  

1 9 7 2  6 .  1 .  4 .  2 .  1 .  3 .  3 .  8 .  4 .  3 .  
0. 0. 0. 1. 0. 0. 0. 0. 0. 0. 

1 9 7 3  2 .  6 .  1 .  4 .  1 .  1 .  3 .  3 .  8 .  4 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  I .  0 .  

t o t a l  e x p .  1 5 .  1 4 .  1 1 .  1 3 .  1 6 .  1 9 .  2 1 .  2 4 .  2 3 .  2 0 .  

t o t a l  r e t .  0 .  0 .  0 .  1 .  0 .  0 .  0 .  0 .  1 .  0 .  
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Table 14. (Continued) 

h i s t o r i c a l  a r r a n g e  h e  n t  o f  m o r t a l i t y  d a t a  p a g e  3  o f  5  
UTiL-uEC 

Y E A R  1 7 . 5  

1 9 6 9  

1 9 7 0  

1 9 7 1  

1 9 7 2  

1 S 7 3  

t c . t i l  e / p .  

t o t a l  a e t .  

2 .  
0, 

5. 

0 .  
2 1  
0 .  
6 .  
0 .  
3 .  
0 .  

18. 

0 .  

1 8 . 5  

2 .  
0. 
2 .  
0 .  
5 .  
0. 
2 .  
0. 
6 .  
0. 

17. 

0. 

1 9 . 5  

S U R V I V I N G  P L A N T  Ô Y  A G E  J A N U A R Y  1  
R E T I R E M E N T S  T H E R E  F R O M  

2 0 . 5  2 1 . 5  2 2 . 5  2 3 . 5  

1 .  
0. 
2 .  
0. 
2. 
0 .  
5 .  
0 .  
2. 
0 .  

12, 

0 .  

5 .  
0 .  
1 .  
0 .  
2 .  
0. 
2 .  
0 .  

1 5 .  

0 .  

0.  
0.  
5 .  
1. 
1 .  
0. 
2 .  
0 .  
2 .  

10. 

1. 

1 .  
0 .  
0 .  
0. 
4 .  
0 .  
1 . 
0 .  
2 . 
0 .  

8 .  

0 .  

0 .  
0.  
1 .  
0 .  
0 .  
0 .  
4 .  
0 .  
1 .  
0 .  

4 .  

0 .  

2 4 . 5  

0 .  
0 .  
0 .  
0 .  
1 .  
0 .  

0 .  
4 .  
0. 

5 .  

0. 

2 5 . 5  2 6 . 5  

J .  
0.  
0 .  
0 .  
0 .  
0 .  
1 .  
0 .  
0 .  
Ù . 

1 .  

0 .  

2 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0.  
0 .  
I .  
0 .  

3 .  

0 .  

- J  
4 =  

S U R V I V I N G  P L A N T  Ô Y  A 3 E  J A N U A R Y  1  
r e t i r e m e n t s  t h e r e  f r o m  

f e a i  2  7 . 5  2 8 . 5  2 9 . 5  3 0 . 5  3 1 . 5  3 2 . 5  3 3 . 5  3 4 . 5  3 5 . 5  3 6 . 5  

176  9  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  
0.  0 .  0 .  0 .  Of  0 .  0 .  0 .  0 .  0 .  

1 9 7 0  2 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  
0.  0 .  0 .  Û .  0 .  0 .  0 .  0 .  0 .  0 .  

1 9 7 1  Ù .  2 .  0 .  0 .  0 .  .  0 .  0 .  0 .  0 .  0 .  
V. 1. 0. 0. 0. 0. 0. 0. 0. 0. 

1 9 7 2  0 .  0 .  1 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

1 9 7 3  0 .  0 .  0 .  1 .  0 .  0 .  0 .  0 .  Û .  0 .  
Û .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

T O T A L  E X P .  2 .  2 .  I .  1 .  0 .  0 .  0 .  0 .  0 .  0 .  

T ! ) T  & L  O Ç T .  0 .  I .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  
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Table 14. (Continued) 

h i s t o r i c a l  a r r a n g e m e n t  o f  m o r t a l i t y  d a t a  
u t i l - h e c  

S O F V i V l N G  P L A N T  B Y  A 3 E  J A M U A R Y  1  
R E T I R E M E N T S  T H E R E  F R O M  

Y E A R  3 7 . 5  3 8 . 5  3 9 . 5  4 0 . 5  4 1 . 5  4 2 . 5  4 3 . 5  4 4 . 5  - »  
1969 0. 0. 0. 0. 0. 0. 0* jr 

Ô. 0. 0. 0. 0. 0. j» 
1 9 7 0  0 .  0 .  0 .  0 .  0 .  0 .  0 .  1 .  

0» 0. 0. 0. 0. 0. 0. I. 
1971 0.  0.  0.  0.  0.  0.  0.  0.  

0.  0 .  0 .  0 .  0 .  0 .  Û .  0 .  
1972 0.  0.  0.  0.  0.  0.  i) .  0 .  

0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  
1 9 7 3  0 .  0 .  0 .  0 .  Û .  0 .  } •  0 .  

0 .  0 .  0 .  0 .  0 .  0 .  0.  0 .  

T O T A L  E X P .  0 .  0 .  0 .  D .  0 .  0 .  I »  ! •  

T O T A L  R E T .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  1 .  
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Table 15. Actuarial trend analysis of Utility Mechanics 

I O W A  S T A T E  U N I V E R S I T Y  
A C T L A R I A L  T R E N D  A N A L Y S I S  

U T U - M E C  

1 N D I C A T  E O  A V E R A G E  L I F E  A C T U A L  
R E T I R E M E N T  F  I 3 S T  S E C O N D  T H I R D  R E T H E M E N  

aANO O c G R E E  ù t v j R .  E  c  O t O A E E  F I T T E D  

1 9 6 9 - 1 9 7 1  4 6 . 8  1 1 .  1  1 0 . 5  1 7 .  
1 9 7 0 - 1 9 7 2  5 3 . 2  1 2 . 4  1 2 . 4  1 5 .  
1 9 7 1 - 1 9 7 3  l G d . 6  2 1 .  1  3 3 . 9  7 .  
1 9 6 9 - 1 9 7 3  6 3 . û  1 3 .  5  1 3 . 1  2 3 .  
1 9 7 0 - 1 9 7 3  5 7 . 2  1 2 . 1  1 1 . 9  2 0 .  
1 9 7 1 - 1 9 7 3  1 0 3 . 6  2  1 .  1  3 3 . 9  7 .  
1 9 7 2 - 1 9 7 3  9 2  . 4  2 0 .  0  9 2 . 5  b .  
1 9 7 3 - 1 9 7 3  5 2 . 6  1 1 . 2  3 9 . 9  5 .  

I N D I C A T E D  R E T l S E ^ E S i i  P I T T E D  
F I R S T  S E C O N D  T r i l P O  

D E G R E E  O E G ^ E b  D E G R E E  

1 7 .  1 7 .  1 6 ,  
1 5 .  1 6 .  1 6  

7 .  7 .  7  
2 3 .  2 4 .  2 5  
2 0 .  2 2 .  2 2  

7 .  7 .  7  
6 .  6  .  7  
5 .  6 .  6  
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Table 16. Historical arrangement of Utility Coal and Rsh Handlers 

h i s t o p i c a l  A P R A N G : W E N T  m c a t a l l t v  d a t a  

u t i l - c a h  

5 A 0 E  I  O F  

Y E A R  

1 9 6 9  

1 9 7 0  

1 9 7 1  

1 9 7 2  

1 9 7 3  

OIAVT 
S ? P V l L f  

J A N U A R Y  1  

3 4 .  

4 0 .  

6G. 

7 5 .  

9 4 .  

: L A N T  A D O .  
FzTlPSD eçiipco 

T U R I N G  1  M E  S E  
Y E  A O  A D D I T I O N S  

t o t a l  e x f o s u p e s  

t o t a l  r e t i r e m e n t  s  

83. 

7 4 .  

5 7 .  

5  9 .  

4 9 .  

8 9 .  
6 9 .  
9 4 .  
6 3 .  
7 2 .  
4 6 .  
7 8 .  
4 1 .  
66.  
3 5 .  

3 9 9 .  

2 5 4 .  

0 . 5  

1 7 .  
1 2 .  
20.  
1 1 .  
3 1 .  
10. 
2 6 .  
1 5 .  
3 7 .  
1 4 .  

1 3 1 .  

62. 

S  0 ' V 1 \ / 1 N G  t > l . 4 N T  3 Y  i O î  J 4 N U A P Y  1  
O E T I S E ^ E M T S  T H Ç R Ç  P R f J M  

. 5  : . 5  3 . 4  4 . 5  5 . 5  6 .  5  

0 .  6 .  1 .  0 .  1 .  l .  
0 .  0 .  0 .  0 .  l .  1 .  
5 .  0 .  6 .  1 .  0 .  0 .  
0 .  0 .  0 .  0 .  0 .  0 .  
9 .  5 .  0 .  6 .  1 .  0 .  
0 .  0 .  0 .  0 .  0 .  0 .  

2 1 .  9 .  5 .  0 .  6 .  1 .  
2 .  0 .  0 .  0 .  1 .  0 .  

1 1 .  1 9 .  9 .  5 .  0 .  5 .  
0 .  0 .  - î .  0 .  0 .  0 .  

4 6 .  3 9 .  2 1 .  1 2 .  8 .  r .  

Z .  0 .  0 .  0 .  2 .  1 .  

S U F V I V I N G  o t f c s T  3 Y  A G ?  J A N U A R Y  \  
R E T ! ? Ç Y F N T S  T H f o Ç  - P O "  

Y E A R  7 .  :  8 . 5  9 .  5  1 3 .  5  1 1 . 0  1 2 . 5  1 3 . 3  1 4 . 5  1 5 . 5  1 6 . 5  

1 9 6 9  0 .  0 .  0 .  1 .  0 .  1 .  0 .  1  .  0 .  
3 .  0 .  0 .  0 .  0 .  3 .  0 .  0 .  0 .  

1 9 7 0  C ,  1 .  0 ,  0 .  0 .  1 .  0 .  1 .  0 .  1  .  
j .  0 .  3 .  0 .  0 .  0 .  j  .  0 .  0 .  0 .  

1 9 7 1  0 .  0 .  1 .  0 .  0 .  0 .  1 .  0 .  1 .  3 .  
c. 0 .  0 .  0 .  0 .  3 .  0 .  0 .  0 .  0 .  

1 9 7 2  0  •  0 .  0 .  1 .  0 .  3. 0 .  1 .  0 .  1 .  
0 .  0 .  0 .  0 .  û. 0 .  0 .  0 .  0 .  0 .  

1 9 7 3  1 .  0 .  3 .  0 .  1 .  0 .  3 .  0 .  1 .  0 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

E X P .  2 .  1 .  1 .  1 .  2 .  1 .  2 .  2 .  3 .  2 .  

R E T .  3 .  0 .  0 .  0 .  0 .  0 .  0. 0 .  0 .  0 .  
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Table 16. (Continued) 

H I S T O O I C S L  A R R A N G E M E N T  O F  M O R T A L I T Y  D A T A  
U T I L - C A H  

P A G E  3  O F  

S U R V I V I N G  P L A N T  B Y  A G P  J A N U A R Y  1  
R E T I R E M E N T S  T H E R E  F R O M  

Y E A R  1  7 . 5  1 3 . 5  1 9 . 5  2 Û . 5  2 1 . 5  2 2 .  5  2 3 . 5  2 4 . 5  2 5 . 5  2 6 . 5  

1 9 6 9  0 .  0 .  1 .  3 .  0 .  0 .  0 .  0 .  0 .  0 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

1 9 7 0  0 .  0 .  0 .  1 .  3 .  0 .  0 .  0 .  0 .  0 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

1 9 7 1  1 .  0 .  0 .  0 .  1 .  3 .  0 .  0 .  0 .  0 .  
0 .  0 .  0 .  0 .  0 .  1 .  0 .  0 .  0 .  0 .  

1 9 7 2  0 .  1 .  0 .  0 .  G .  1 .  2 .  0 .  0 .  0 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

1 9 7 3  1 .  0 .  1 .  0 .  0 .  0 .  I .  2 .  0 .  0 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  3 .  

T O T A L  E X P .  2 .  1 .  2 .  4 .  4 .  4 .  3 .  2 .  0 .  0 .  

T O T A L  R E T .  0 .  0 .  0 .  0 .  0 .  1 .  0 .  0 .  0 .  3 .  

S J C V I V I N G  P L A N T  B Y  A O E  J A N U A o y  [ 
P E T I O P M E N T S  T H E R E  F R O M  

Y E A R  2 7 . 5  

m
 

CO 

2 9 . 5  3 0 . 5  3 1 . 5  3 2 . 5  3 3 . 5  3 4 . 5  3 5 . 5  3 6 . 5  

1 9 6 9  0 .  0 .  J  •  0 .  0 .  0 .  0 .  0 .  0 .  •) .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

1 9 7 0  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  •). 
0 .  0 .  3 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

1 9 7 1  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  3 .  

1 9 7 2  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

1 9 7 3  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  
c .  0 .  0 .  0 .  0 .  0 .  3 .  0 .  0 .  0 .  

t o t a l  E X P .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

T O T A L  R E T .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 ,  

C D  
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Table  16 .  (Cont inued)  

h i s t o p i c a l  a r r a n g e m e n t  c f  h o p t a l i t v  d a t a  
u t î l - c û h  

D A G F - ô  O F  5  

Y E A R  
1 9 6 9  

1 9 7 0  

1 9 7 1  

1 9 7 : )  

3 7 . 5  
0 .  
c. 
0 .  
0 .  
0 .  
0 .  
0 .  
c. 
0 .  
0 .  

3 5.5 

S U R V I V I N G  = < _  i S ' T  9 Y  i O Ç  J A N U A R Y  î  
F E T  r  E ^ c \ T S  T H E S E  F P O "  

T O T A L  E X P .  0 .  

T O T A L  R E T .  0. 0. 
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Table 17. Actuarial trend analysis of Utility Coal and Ash Handlers 

i o w a  s t a t -  u n i v e r s i t y  
a c t u a p i a l  ' • « e n d  a n a l y s i s  

U T I L - C A h  

:  N O  I C A T c O  i / c f A G E  L I F E  A C T U A L  n O I  C A T  E D  c  c j  j c  • -m ;  -  c  ;  r  t ft; 
" E T I P E M E v r  F  I »  S T  S E C O N D  T H I S O  p c r i ^ F M E N T ?  H  P  S 1  T " 1 F 0  

b a n c  : K G \ E E  D Ï O F E  t  n E G R E E  f-- ; T T e C E G P E E  L E S S E E  O E G ^ E E  

1 9 6 9 - 1 9 T 1  6 , 4  5 . 4  2 2 . 3  3 6 .  ? f j .  3 7 .  3 7 .  
1 9 7 0 - 1 9 7 2  1 2 , 0  7 .  4  2 3 . s  4 0 .  4 1 .  4 2  .  4 2 .  
1 9 7 1 - 1 9 7 3  2 3  . 9  9 .  3  2 2 . 9  4  3 .  4 4 .  4 6  •  4 6 .  
1 9 6 9 - 1 9 7 3  1 4 . 7  7 . 2  2 3 . 9  6 8 .  7 C .  7 2 .  7 1 .  
1 9 7 0 - 1 9 7 3  2 0 . 5  8 .  5  2 6 . 0  5 4 .  5 6 .  5 3 .  5 0 .  
1 9 7 1 - 1 9 7 3  2 3 . 9  9 .  3  2 2 . 8  4 3 .  4 4 .  4 6 .  4 6 .  
1 9 7 2 - 1 9 7 3  2 9 . 6  9 .  1  2 3 . 6  3 2 .  3 4 .  3 5  .  3 5 .  
1 9 7 3 - 1 9 7 3  4 3 . 3  1 1 .  5  3 1 . 7  1 4 .  1 5 .  1 6 .  1 6 .  
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Table 18. Historical arrangement of Utility Ironworkers 

HISTORICAL 4PPiNGHHENT Of «AO'TALITY OAT& 
u t i l - i h  

YEAR 

1 9 6 9  

1 9 7 0  

1 9 7 1  

1 9 7 2  

1 9 7 3  

PLANT &on. 
p l a n t  i n  r e t i k e p  r s t ! ° 5 0  

s e s  v i c e  o ' j o i n o  f » o m  t h e s e  
j a n i j 4 r y  1  y e a r  a d d i t i o n s  

4 .  

3 .  

3 .  

5 .  

3 .  

t o t a l  e x p o s u p e s  

t o t a l  r e t i r e m e n t s  

6 3 .  

2 6 .  

16. 

5 1 .  

2 2 .  

62. 
6 0 .  
2 6 .  
2 3 .  
i b .  
1 3 .  
5 4 .  
5 0 .  
3 0 .  
20.  

1 9 0 .  

166 .  

0 . 5  

4 .  
3 .  
2 .  
2 .  
3 .  
3 .  
5 .  
1 .  
4 .  
2 .  

1 8 .  

1 1 .  

i  

P A G E  1  O C  

SUB V1V nn OLtX^ 'iV ftG= jAKUIRV 1  
"ET 10 EWNTS TMÇOç =034 

v  .  
0 .  
1 .  
1 .  
0 .  
0 .  
0 .  
0 .  
4 .  
0 .  

5 .  

i .  

2 .  5  

0 .  
3 .  
0 .  
0 .  

0 .  
0 .  
0 .  
0 .  

0 .  

0 .  

3 . 5  

0 .  
0 .  
0 . 
0.  
0 .  
0. 
0 .  
0 .  
0 .  
0 .  

4.5 

0. 
0. 
0 .  
0 .  
0. 
0 .  
0 .  
0 .  
0. 
0. 

0. 

c. 

5 . 5  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

0 .  

0 .  

b . 5 

0 .  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

YEAP 

1 9 6 9  

1 9 7 0  

1 9 7 1  

1 9 7 2  

1 9 7 3  

7 . 5  

0 .  
c .  
0 .  
0 .  
0 .  
0 .  
c  «  
c. 
0 .  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

9 .  5  

:UPV1VlNG PLANT BY AGE 
c e t i o e m e n t s  t h e ^ e  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

1 0 . 5  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

1 1 . 5  

0 .  
0 .  
0.  
0 .  
0 .  
0 .  
0 .  
0. 
0 . 
0 .  

JANUioy 
F P O M  
1 2 . 5  

3 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  

1 3 . 5  

0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
3 .  
0 .  

1 4 . 5  

0 .  
0 .  
0. 
c. 
0 .  
0 .  
0 .  
0. 
0 .  
0.  

1 5 . 5  

0 .  
0 .  
0 .  
0 .  
0 ,  
0 .  
0 ,  
0 .  
0 .  
0 .  

1 6 .  5  

0 .  
0. 
0 .  
3 .  
0 .  
3 .  
0 ,  
0 .  
0.  
0 .  

T C T A L  E X P .  0 .  0 .  0 .  0 .  0 .  e .  0 .  0 .  
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Table  18 .  (Cont inued)  

H I S T D P I C A L  A P R A N G E M E N T  O F  M O R T A L I T Y  D A T A  
U T I L - I W  

p a g e  5  o f  

y e a r  

1 5 6 9  

1 9 7 0  

1 9 7 1  

1 9 7 2  

1 9 7 3  

t o t a l  e x p .  

t o t a l  r e t .  

3 7 .  5  
0 .  
0 .  
0 .  
0 .  
G  •  
0 .  
0 .  
c. 
0. 
0.  

0 .  

3 8 .  5  
0 .  
0 .  
0. 
0 .  
0.  
0. 
0, 
0. 
0 .  
0 .  

0 .  

0.  

S U f V Î V I N G  P L A N T  B Y  A 3 E  J A N U A R Y  1  
( ^ Ç T I O Ç M Ç S T S  T H E \ E  F R O M  

00 
U) 
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Table 19. Actuarial trend analysis of Utility Ironworkers 

IOWA STATE UNIVERSITY 
ACTUARIAL TBENO ANALYSIS 

JTIL-Id 

E C  A V E P A G E  L  i - £  a : T l i 6 L  INOICATcn P E T I R E M E N I S  

P E T I R È M Ç N T  I P  S T  3 F :JN C  T r i I R C  = , E T  ! '  E M E N T S  • ^ I P S T  S E C O N D  

a A N O  : : G 3 t r  D E G R E E  D E G R E E  F I T  T 1 0  • - ' E f . C E E  O ^ G C . E E  

1 9 6 9 - 1 9 7 1  J . a  0 .  S  1  . C  9 .  9 .  9 .  

1970-1972 1 . 3  1.2 1 . 4  7 .  7 .  7 • 
1971-1973 5 0 . 1  0 . 6  6 7 . 5  6 .  6 .  1 2 R .  

1969-1973 30.8 47. a 6 2 . 7  1 2 .  1 2 .  1 2 .  

1970-1973 3 6 . 6  4  9 .  3  0 . 6  • ) .  9. 9 .  

1971-1973 50.1 0 .  6  6 7 . 5  6 .  6 .  1 2 8 .  

1 9 7 2 - 1 9 7 3  8 3 . 7  106. 4 1 0 6 .  7  3 .  3 .  3  *  

1 9 7 3 - 1 9 7 3  5 0 . 1  b  8 .  0  7 6 . 4  2 .  2 .  2 .  

THIPn 
OEOPEF 

9 .  
7. 
6 .  

1 2 .  
9. 
6 .  
3 .  
2 .  

00 
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Table 20. Historical arrangement of Utility Laborers 

hISTCRtCtL & C 0  wgs west qf H O U T A L I T Y  O M  &  

U T I L - L A Ô  

o&GE I OP 

° L A N T  1 0 0 .  
3 L i M '  : »  T ! F r :  5 T  I P i O  V Î V  i s r ,  • • ' L  I N T  i Y  A O ?  J A N I J A C Y  !  

• z - J K i  :  ' J R  I N O  F *  i j M  T h e s e  r  ;  I  c  ?  « E  - i  r  :  [ R O M  

Y E A R  Y = A C  i  0 0  I T I G N S  0 . 5  I . s  : .  5  3 .  5  4 .  5  5 . ;  t .  5  

1 S 6 4  6 9 ,  5 0 1 .  4 5 .  I T .  5 .  2. 6 .  2  .  I .  
5 9 t .  5 4 5 .  3 7 .  9 .  0 .  0 .  1 .  0 .  0 .  

1 9 7 0  7  6 .  3 8 5 .  3 6 .  8 .  8 .  5 .  2 .  5 .  2. 

3 9 3 .  3 6 2 .  27. 1 .  2 .  0 .  0 .  1.  0 .  

1S71 6 6 .  3 2 0 .  2 3 .  9 .  7 . 6 .  5 .  2 .  4 .  

3 1 6 .  3 0 2 .  11. 1 .  1. 0 .  0 .  0 .  1 .  
1 9 7 2  8 0 .  3 4 8 .  2 6 .  12. 8 .  6 .  6 .  5 .  2 .  

3 3 9 .  3 2 2 .  1 2 .  3 .  Ô .  0 .  0 .  0 .  0 .  
1 9 7 3  8 9 .  4 0 3 .  2 6 .  1 4 .  9 .  8 .  6 .  6 .  5 .  

3 2 3 .  3 1 0 .  1 2 .  1  .  0 .  0 .  0 .  0 .  0 .  

T C T 4 L  c X P C S L R E S  2 0 4 5 .  1 5 6 .  6 0 .  3 7 .  27. ? 5 .  2 0 .  1 4 .  

T O T A L  " E T T S c M E S T S  1 8 4 1 .  9 9 .  1 5 .  3 .  0 .  1 .  1  .  I .  

S U R V I V I N G  P L A N T  9 Y  A i i  J A ' i U t ^ Y  I  
R E T I R E M E N T S  c e o M  

Y E A ?  7 . 5  8 . 5  9 . 5  1 0 . 5  1 1 . 5  1 2 . 5  1 3  . 5  1 4 . 5  1 5 .  5  1 6 .  :  

1 9 6 9  1 .  1 .  1 .  0 .  0 .  0 .  0 .  0 .  0 .  2. 

0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0  .  0 .  
1 9 7 0  1 .  1 .  1 .  1 .  0 .  0 .  0 .  0 .  0 .  3 .  

0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0. 

1 9 7 1  z .  1 .  1. 1. 1 .  0 .  0 .  0 .  0 .  0 .  
c. 0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

1 9 7 2  3 .  2 .  1. 1. 1 .  1 .  0 .  0 .  0 .  0 .  
0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

1 9 7 3  2 .  3 .  2 .  1. 1. 1. 1. 0 .  0 .  0 .  
0  #  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

E X P .  ' J .  8 .  b .  4 .  3 .  2 .  1 .  0 .  0 .  2 .  

R E T .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  0 .  

00 
U1 



www.manaraa.com

o 
-4 

O 

73 m  
m  m  X  
X  • o  V )  s O  « A  m  
" O  </> O  s£> « o  - 4  - a  « 4  O »  t r  

• g  o  » rv) o  «fi •30 
w  N »  o  U 3  » rv) 

T V  

U t  

o 

0
 

0
 

0
 O  0

 
0
 

0
 

o 0 0
 

c 0
 

c 0
 

0
 O O  c >  

î  
r- X 
> — 
03 tn 

A) 
J >  

fv 
O /  

o o o o o o o o o o  
O O O O O f V O ^ O O  

o  o o o o o o o o o o  

o  o o o o o o o o o o  

o  o  o o o o o o o o o o  

o  o o o o o o o o o o  
«  • • • • • • • • • •  

f -  O O O O O O O O O » -

r v  
o  

U l  
o  

2
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

1
 

0
 

(/» 
<z 

Ti r v  c 
< O  

o  j a  <  
» < 

V I  m  - t  Z  
2  o  o  o  o  ̂  H -  ̂Ci 
C )  

m  " O  
ITÎ D  
x  r "  m  5 »  
> r v  2  z  

U J  - r  2  -4 -4 

0 3  
V I  • H  - C  

-< w  o  • -  o  o  

2
 

1
 

0
 

0
 

0
 

0
 Z  

X  • • • • m  » «  c >  
JT" 
m  

T l  C -Tl X i  J >  
r v  XI > O  - r  

O  Z  X  c  
£ C  

O  c 0
 

0
 

c 

0
 

0
 

1
 

0
 

0
 

0
 •  • • • • •  

w  

V I  
v >  

c 0
 

0
 

c o  ̂  o  o  o  o  

% 
n 

o  
>  

> o 

w 

h -  o  o  o  o  o  o  o  '  
• -  O O ^ ^ O O O O O O  

»— OOOOO»— o ooo 
o o o o o o o o o o  

o  o  o o o 
o o a o o < - > o o o  

981 



www.manaraa.com

o 
• H  

I— ^  I —  » - » — - <  
^  s O  « O  > C  m  
 ̂ «w "j "«j O* 

v>) rs> *- O «/? •> 

O O O O O C ' O O O O  

\ 
r- X 
> «w 9 (/* 

-4 O JO 

e 0) 
tr 
h-
(D 

to 
O 

9 
C3 
n 
H-
9 g 
m 
Oi 

C O O O O O O C - ' O O  

z 

c 

u 
JO 

» -  o o o o o o o o o ^ "  

^  O O O O O O O l  

jO O O O» — o o o o  

r -  O O O ^ O O O O O i ^  

C :r> 
T- c 
O JO < ui -4 ̂  M «,"> 

X r-n > f ̂  -r -1 -H 
</> 

v« II» 
-H •< 
: 

>» C") 'TT m 
Tl C_ 

r v  T J  1;-cj r 
% c 

o 
> 

Z.8L 



www.manaraa.com

Table 21. Actuarial trend analysis of Utility Laborers 

IOWA STATE bMVEPSITY 
A C T U A R I A L  A N A L Y S I S  

U T I L - L A 0  

;  " c ' . c a t  =  : >  a v f 9 a g e  l i f ï  t-.tc v. 
r e t  i r p m e n t  • -  n s t  3 r g  : n :  t m i p d  p  f t  n ç w ç m t ;  , c : c n o  

0 a n o  :  - ô b s e  j ç ' i a e ?  0 ç g s ç e  c r i f  1  0 ç 0 p 5 e  r s o ' e e  

1 9 6 9 - 1 9 7 1  1 . 9  2 .  1  2 . 0  9 4 .  9 6 .  9 7 ,  

1 9 7 0 - 1 9 7 2  4 . 1  4 .  7  4 . 0  6 2 .  6 3 .  6 5 .  

1 9 7 1 - 1 9 7 3  u . 4  9 .  1  6 . 4  4 4 .  4 5 .  4 6 .  

1 9 0 9 - 1 9 7 3  3 . 5  3 , 8  3 . 2  1 2 4 .  1 2 7 .  1 2 9 .  

1 9 7 0 - 1 9 7 3  7 . 3  6 .  2  4 . 8  7 5 .  7 7 .  7 9 .  

1 9 7 1 - 1 9 7 3  1 2 . 4  9 .  i  6 . 4  4 4 .  4 5 .  4 6 .  

1 9 7 2 - 1 9 7 3  1 1 . 6  9 . 6  6 . 3  3 0 .  3 0 .  3 1 .  
1 9 7 3 - 1 9 7 3  3 3 . 1  1 3 .  5  7 . 9  1 3 .  1 4 .  1 4 .  

TUP: 
09GPe? 

9 7 .  
6 5 .  
4 8  .  

1 3 0 .  
8 0 .  
4 8 ,  
3 3 .  
1 5 .  
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Table 22. Historical arrangement of Utility Union Employees 

HISTORICAL ARRANGEMENT OF MORTALITY DATA 
UTIL-UNI 

PLANT AOCl. 
PLANT IN RETIRED RET IREO 
SERVICE DURING FROM THESE 

JANUARY I YEAR ADDinOSS YEAR 

1S69 

1970 

1971 

1972 

19/3 

3306. 

3056. 

3013. 

3041. 

3230. 

1575. 

1184. 

875. 

1021. 

1117. 

TOTAL eXFOSLRES 

TOTAL RETIREMENTS 

1325. 
1172. 
1141. 

937. 
903. 
706. 

1210.  
830. 
U47. 
831. 

5826. 

4476. 

0.5 

258. 
132. 
153. 

83. 
204. 
49. 
197. 
71. 
380. 
202. 

119%. 

537. 

PAGE 1 OF 6 

SURVIVING PLANT 9Y Aut JiN'JiRY 1 
RETIRCSEN TS THr-^t FPOH 

,5 2.5 3.5 4.5 5.5 

177. 
40. 

126. 
15. 
70. 
4. 

155. 
14. 

126 .  
1 2 .  

654. 

85. 

138. 
14. 

137. 
15. 

1 1 1 .  
5. 

66 .  
2 .  

141. 
7. 

593. 

43. 

1 2 8 .  
15. 

124. 
8 .  

1 2 2 .  
7. 

106.  
4. 

6 4 .  
2 .  

544. 

36. 

1 4 1 .  
4. 

113. 
3. 

116. 
5. 

115. 
2 .  

102. 
1 .  

587. 

15. 

110. 
9. 

137. 
5. 

110.  
3. 

1 1 1 .  
5. 

113. 
1.  

581. 

23. 

8 9 .  
10. 

101. 
3. 

132. 
4. 

107. 
2 .  

106 .  
2 .  

535. 

n. 

YEAR 

1969 

1970 

1971 

1972 

1973 

TOTAL EXP. 

TOTAL RET. 

7.5 

70. 
4. 
79. 

2 .  
98. 
2. 

128.  
4. 

ICS. 

1 .  

480. 

13. 

8.5 

78. 
3. 

6 6 .  
1.  

77. 
3. 

96. 

1 .  
124. 

1. 

441. 

9. 

9.5 

SUPVIVIMG PLANT BY AGE 
RÇ11REHENTS THERE 

10.5 11.5 

92. 
4. 

75. 

1 .  
65. 

2.  
74. 
0. 

95. 

I. 

4 0 1 .  

8 .  

65. 
3. 

(18. 
1 .  

74. 
0. 

63. 
2 .  
74. 

1 .  

3(i4. 

106. 
5. 

62. 
3. 

87. 
2 .  

74. 
3. 

61.  
1 .  

390. 

14. 

JANUARY 1 
FROM 
12.5 13.5 

110. 89. 
12. 5. 

101. 98. 
2. 3. 

59. 99. 
3. 3. 
85. 56. 

1 .  0  «  
71. 84. 

I .  1 .  

426. 

19. 

426. 

1 2 .  

14.5 

85. 

6.  
84. 
3. 

95. 
3. 

96. 
2 .  

56. 

2. 

416. 

16. 

15.5 

176. 
1 1 .  
79. 

2 .  
81. 

2 .  
92. 

1 .  
94. 

1 .  

522. 

17. 

1 6 .  5  

153. 
9. 

165. 
2 .  

77. 
2 .  
n. 
2. 

91. 

2.  

565. 

17. 
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Table 22. (Continued) 

HISTORICAL ARRANGEMENT OF MORTALITY DATA PAGE 3 OF 6 

-UNI 

SURVIVING PLANT BY AGE JANUARY 1 
RETIREMENTS THERE FROM 

•fKAR 17. 5 18.5 19.5 20.5 21.5 22.5 23. 5 24. 5 25.5 26. 5 

1969 150. 95. 103. 167. 196. 112. 80. 26. 23. 31. 

9. 4. 9. 10. 15. 8. 6. 2. 0. 3. 

A9T0 144. 141. 91. 94. 157. 181. 104. 72. 24. 23. 

4. 3. 3. 5. 5. 9. 8. 4. 7. 3. 

.971 163. 140. 138. 88. 89. 152. 172. 96. 68. 17. 

6. 0. 5. 3. 1. 9. 6. 5. 5. 3. 

i.972 75. 157. 140. 133. 85. 88. 143. 166. 91. 63. 

2. 1. 3. T. 0. 3. 4. 12. 7. 5. 

1 973 77. 73. 156. 137. 126. 85. 85. 139. 154. 84. 

0. 1. 6. 2. 2. 0. 3. 3. 3. 0. 

E) P. 609. 606. 628. 619. 653. 616. 584. 499. 360. 218. 

RiT. 21. 9. 26. 27. 23. 29. 29. 26. 22. 14. 

SURVIVING PLANT BY AGE JANUARY 1 
RETIREMENTS THERE FROM 

YEAR 27. 5 28.5 29.5 30.5 31.5 32.5 33. .5 34. ,5 35.5 36.5 

1969 19. 7. 9. 6. 29. 32. 26. 19. 11. 4. 

2. 1. 1. I. 3. 4. 5. 4. 3. 0. 

1970 28. 17. 6. 8. 7. 26. 28. 21. 15. 8. 

2. 3. 0. 0. 0. 2. 2. 7. 2. 4. 

1971 20. 26. 14. 6. 8. 7. 24. 26. 14. 13. 

1. 1. 0. 0. 1. 2. 7. 1. 1. 2. 

1972 14. 19. 25. 14. 6. 7. 5. 17. 25. 13. 

1. 1. 3. 0. 0. 1. 1. 1. 2. 4. 

1973 58. 13. 18. 22. 14. 6. 6. 4. 16. 23. 

0. 2. 1. 3. 2. 0. 0. 0. 4. 4. 

EXP. 139. 82. 72. 58. 64. 76. 89. 87. 81. 61. 

RET. 6. 8. 5. 4. 6. 9. 15. 13. 12. 14. 

V£> 
O 
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Table 22. (Continued) 

HISTORICAL ARRANGEMENT OF MORTALITY DATA PAGE 5 OF 
UTIL-UNI 

YEAR 37.5 

1969 

1970 

1971 

1972 

1973 

38.5 39.5 

SURVIVING PLANT BY AGE JANUARY 1 
RETIREMENTS THERE FROM 

40.5 41.5 42.5 43.5 44.5 45.5 46,5 

lOTAL EXP. 

TOTAL RET. 

YEAR 
IS69 

19 7  C 

1971 

1972 

1973 

TOTAL EXP. 

ruTAL RcT. 

5. 
2 .  
4. 
0 .  
4. 
1. 

1 1 .  
1. 
9 .  
0 .  

53. 

47.5 

16. 
4. 
3. 
0. 
4.  
0. 
3. 
1 .  

10.  
0. 

3 6 .  

4 8 . 5  
2 .  
1 .  
0 .  
0 .  
2 .  
2 .  
0 . 
G. 
0 .  
c .  

4. 

3. 

0. 
0.  
1 .  
1 .  
0. 
0. 
0. 
0. 
0.  
0. 

1.  

1 .  

18. 
5. 

1 2 .  
4. 
3.  
1 .  
4. 
1 .  
2. 
0.  

39. 

1 1 .  

1 1 .  
2.  

13. 
6 *  

8 .  
2 .  
2 .  
1 .  
3. 
0.  

37. 

11 .  

2 1 .  
4. 
9. 
2. 
7. 
0. 
6. 

2 .  
1 .  
0 .  

44. 

7. 
1. 
17. 
3. 
7. 

2 .  
7. 
3 .  
4. 
2 .  

42. 

1 1 .  

s u r v i v i n g  p l a n t  b y  a g e  j a n u a r y  i  
RETIREMENTS THERE FROM 

49.5 50.5 

0.  
0 .  
0 .  
0 .  
0.  
0. 
0 .  
0. 
0. 
0, 

1. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

1. 

1.  

2 .  
1 .  
6 .  
1 .  
14. 
3. 
5. 
3 .  
4. 
1 .  

31. 

9. 

5. 

1. 
1. 
0. 
5. 

0. 
11. 

2.  
2.  
0. 

24. 

3. 

5. 

2 .  
4. 
4. 
1 .  
0 .  
5. 

2. 
9. 
6 .  

24. 

14. 

1 .  
U 

3. 
1 .  
0. 
0 .  
1 .  
1. 
3. 
2 .  

8 .  

5 .  
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Table 23. Actuarial trend analysis of Utility Union Employees 

IOWA STATE UNIVERSITY 
ACTUARIAL TREND ANALYSIS 

UTIL-UNI 

INDICATED AVERAGE LIFE ACTUAL 

RETIREMENT FIRST SECOND THIRD RETIREMENTS 
BAND DEGREE DEGREE DEGREE FITTED 

1S69-1971 13.B 7. 9 7.8 819. 
1970-1972 17.1 11.1 11.0 607. 
1971-1973 27.5 9.8 9.7 646. 
1969-1973 18.5 8.1 8.0 1296. 
1970-1973 24.1 9.4 9.2 893. 
1971-1973 27.5 9.8 9.7 645. 
1972-1973 24.2 8.4 8.2 477. 
1973-1973 17.5 6.3 6.3 286. 

INDICATED RETIREMENTS FITTED 

FIRST SECOND THIRD 
DEGREE DEGREE DEGREE 

819. 819. 819 
607. 607. 612 
648. 648. 677 
1296. 1296. 1312 
893. 893. 929 
648. 648. 677 
482. 492. 516 
296. 310. 320 



www.manaraa.com

Table 2U. Mature Females Over Age 30, additions, retirements and balances 

! np j t  da t  a  
StMJLiTEr PUNT-PECOkO 
1i'iTE UNIVERSITE 

JUM= \'>y-

matu re  f em a le s ,  ove r  age  30  whcn  h i r e c .  

ACCOLM CCNTP.CL CA^^C 

ACCOUNT NAHE=CPFICE1 EArLIEST A COITION' 1957 LATEST A3:;m:\= 1972 EARLIEST QAIANCE= 1957 

NO. OF TEST PûINTS= 16 INTERVAL OETWEEN TEST POINTS' ù LAST TEST PO!NT= 1972 SPP METHOO= 3AL. 

INPUT CATA= ACDIT. ANC 3 AL . l.&TÇST BAL ANCE= 197 2 

INPUT MÇTHCO= CARD 

p l an t  ù cc i t i cn s  

VO 
U) 

yea r  

ISST 
IS58 
1959 
ISbC 

Acrn ic/,:-

1 6 .  
3c. 
3 6 .  
j : • 

y f  

1 9 o i  
1962 
1963 
•90 - .  

AOni t i ons  

2 6 .  
32. 
27. 

31. 

YEiK 

1965 
196 6 
196 7 
196 3 

a j31  t h ' . s  

2 0 .  
25. 
30. 

37. 

YtiP 

1969  
1970 
1971 
1 9 7 2  

add i t i ons  

72. 
46. 
38. 
36. 
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Table 24. (Continued) 

PLiM ; 

yea r  «e t  i ; c ~ '= \ t 5  yea r  pc i i r ^nen t s  

1957 3.  1961 21.  
1958 11.  1962 16.  
1954 14.  1963 15.  
IS6C 11.  1964 23.  

p l an t  kâ l ances  

YEAP î iLASCES YEAR BALANCES 

1957 13.  1961 88.  
1958  34 .  1962  104 .  
1959 56.  1963 116.  
1S6C S3.  1964 124.  

yea r  f.ETP EVENTS YE&P f :-;<f«ENTS 

196 5 
l 9 6 o  
196 7 
196 3 

1 8 .  
12. 
20. 
2 0 .  

1969 
1 9 7 0  
1971 
1972 

2 6 .  
31.  
16. 

yeak  dALANCES yea r  3AL ANCES 

1965 
1966 
1967 
1963 

126.  
139.  
149.  
166. 

1 9 6 9  
1970 
1971 
1 9 7 2  

2 1 2 .  
227.  
249.  
2 6 4 .  

VD 
•C 
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Table 25. Mature Females Over Age 30, comparison with Iowa curves 

N C .  O F -  T E S T  f Q I . S T S =  l o  I N T E R V A L  S E T r f E E N  T  =  S T  P 0 1 N T S =  0  L A S T  T E S T  P O I N T =  1 9 7 2  

S I M U L A T E D  B A L A N C E S  M E T H C ;  

C I S P E R S I C N  A V E R A G E  S E R V I C E  L I F E  S U M  O F  S Q U A R E S  O I F F .  I N D E X  O F  V A P I A T I O N  R E T .  E X ^ .  I N D E X  

a.4 Y R  s. 0 . 2 4 4 2 E  0 4  9 1  8 3 . 4 2  

0 3  6 . 4  Y R  S .  0 . 3 4 3 0 c  0 4  1 0 8  88.45 

0 2  5 . 5  Y R £ .  0 . 6 0 4 2 E  0 4  1 4 4  9 6 . 5 3  

L O  S  1  Y R  S .  0 . 7 2 5 1 E  0 4  1 5 8  9 9 .  1 1  

L 0 . 5  5 . 6  Y R S .  0 . 3 2 9 4 :  0 4  169 9 9 . 6 5  

S C  5 . 7  Y R S .  0 . 8 3 9 0 E  0 4  1 7 0  1 0 0 . 0 0  

L I  D . i  Y 5  S .  0 . 9 3 7 4 5  0 4  1 8 0  9 9 . 9 9  

S -  . 5  5 . 5  Y R  3 .  0 . 9 4 3 4 E  0 4  1 8 0  1 0 0 . 0 0  

R 0 . 5  5 , 5  Y R S .  0 . 9 5 9 2 E  0 4  1 8 2  1 0 0 . 0 0  

L U 5  5 .  " t  f R  S #  0 . 1 0 2 3 E  0 5  1 8 8  1 0 0 . 0 0  

S O  5 . 4  Y R S .  0 . 1 0 5 7 2  0 :  1 9 1  1 0 0 . 0 0  

R l  p . 5  Y R S .  0 . 1 D 9 0 E  0 5  1 9 4  1 0 0 . 0 0  

L 2  5 . 4  Y R S .  Û . 1 1 1 3 E  3 5  1 9 6  1 0 0 . 0 0  

S O . 5  5 . 4  Y R  S .  0 . 1 1 3 4 E  0 5  1 9 8  1 0 0 . 0 0  

f t l . S  5 . 4  Y r  S .  0 . H 7 9 E  0 5  2 0 2  1 0 0 . 0 0  

SI 5 . 3  Y R S .  0 . 1 2 1 3 E  0 5  2 0 4  l O O . O O  

R 2  5 . 2  Y R S .  0 . 1 2 7 1 E  0 5  2 0 9  1 0 0 . 0 0  

SI.5 5 . 3  Y R S .  0 . 1 2 7 5 E  0 5  2 1 0  1 0 0 . 0 0  

L 3  5 . 2  Y R S .  0 . 1 2 8 0 E  C 5  2 1 0  1 0 0 . 0 0  

« 2 . 3  5 . 2  Y R S .  0 . 1 3 3 6 E  0 5  2 1 5  1 0 0 . 0 0  

S 2  5 . 2  Y R S .  0 . 1 3 3 9 E  0 5  2 1 5  1 0 0 . 0 0  

fl3 5 . 1  Y R S .  0 . 1 4 0 3 E  0 5  2 2 0  1 0 0 , 0 0  

S 3  5 . 1  Y R S .  0 . 1 4 2 9 E  0 5  2 2 2  1 0 0 . 0 0  

L 4  5 . 1  Y R S .  0 . 1 4 3 6 E  0 5  2 2 2  1 0 0 . 0 0  

R*. 5 . 1  Y P S .  0 . 1 4 8 7 E  0 5  2 2 6  1 0 0 . 0 0  

S4 5 . 0  Y R S .  0 . 1 5 0 8 E  0 5  2 2 8  100.00 

L 5  5 . 0  Y R  S .  0 . 1 5 1 3 E  0 5  2 2 9  1 0 0 . 0 0  

R5 5 . 0  Y R S .  0 . 1 5 4 9 E  0 5  2 3 1  100.00 

S5 4.9 Y R S .  0 . 1 5 5 9 E  0 5  232 100.00 

S6 4 . 9  Y R S .  0 . 1 5 9 7 E  0 5  2 3 5  100.00 

SO 5 . 4  Y R S .  0 . 1 6 3 3 E  0 5  2 3 7  100 . 0 0  
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Table 26. All Home Office Employees, excluding part time, 
additions, retirements and balances 

I N P U T  D A T A  
i l M J L i T S O  P L A N T - P ECOPD HÇThûC 

i C w 4  S T A T E  ' J N I V E R S I T Y  

J U \ F  2 6 , 1 9 7 4  

A L L  H C H E  O F F I C E  E M P L O Y E E S ,  C L E R I C A L  A N D  C O L L E G E  .  E X C L U D E S  D .  T .  

A C C O L N T  C C N T F C L  C A A L  

A C C O U N T  \ A M E r  I f v S U R  E A R L I E S T  A  C 3 ! T I 0 : < =  i 9 c l  L A T E S T  A O O l T i O N =  1 9 7 2  : t n ! :  S T  5 A L A N C '  

N O .  C F  T E S T  P C 1 \ T S =  3  1 N T E R V A L  B E T W E E N  T E S T  P O I N T S ®  0  L A S T  T E S T  P 0 1 N T =  1 9 7 2  S P R  M E T |  

I N P L T  C A T A =  A D C I T .  A N D  a A L  
L A T E S T  3 A L A N C E =  1 9 7 2  

P L A N T  A C C I T I C N S  

I N O ' J T  M E T M C D »  C A R T  

Y E A R  A C D i T I C N S  Y E A R  A D O I T  l O t . S  Y E A R  A D O l I 1 0 N 5  Y E A O  A O O I T I C N S  

1 S 6  1  2 8 4 .  
! 9 6 2  5 2 7 .  
i 9 6 3  3 7 5 .  

1 9 6 4  
1 9 6 5  
1 9 6 6  

3 7 9 .  

3 8 3 .  

3 2 1  .  

1 9 6  7  
1 9 6 8  
1 9 6 9  

325 .  
4 2 4 .  
5 2 7 .  

1 9 7 0  
1 9 7 1  
1 9 7 2  

4 9 9 .  
3 7 6 .  
3 6 5 .  

vO 
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Table 26. (Continued) 

PLANT KHTIRS-SM; 

yea r  hc t i r e wss t s  

* * * * *  C .  
1961  3 :4 .  
1S62 i96. 

1963  i l f .  
1964  205 .  
1965  371 .  

P L A N T  B A L A N C É :  

Y E A R  B A L A N C E S  

•»» •»  471 .  
1961  941 .  
1962  972 .  

yeap  ba l ances  

1963  1073 .  
1964  1149 .  
1965  116  1 .  

YEAR CETlrcfE.'.TS 

l 9 o o  3 7 6 .  
1 9 6 7  3 3 1 .  
I 9 a 6  3 3 5 .  

V5i; :?Tt9EMENTS 

l i s s  406 .  
197c  392 .  
1971  34z .  

Y t i F  R E ' l P E M E N T S  

197 f  336 .  
C 0. 

vo 
-J 

Y E A R  B A L A N C E S  

1966  1104 .  
1967  1096 .  
1963  1187 .  

Y E A R  B A L A N C E S  

1 9 6 9  1 3 0 8 .  
1970  1415 .  
1 9 7 1  1451 .  

Y c A k  b a l a n c e s  

1 9 7 2  1 4 8 0 .  
C  0 .  
0  0 .  
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Table 27. All Home Office Employees, excluding part time, 
comparison with Iowa curves 

N O .  2 -  *  = iT 3  I N T E T ^ V A L  S E T h E E N  T E S T  P Û I N T S =  0  L A S T  T E S T  ? O I N T =  1 9 7 2  

5 i hu l a t ec  e* l a " , c : :  " c t nz j  

OliPERSICS iVES.AOt SERVICE HPS SUM CF iCUAPcS Ol(=F. INCEXOF VARIATION F-1. HXP. INDEX 

R1 3.2 VRS. 0.l8o2Ë 05 37 I DO.00 

RC.5 3.3 YRS. Û.1925E 05 38 130.00 

R1 .3 3.2 VRS. 0.1955E 05 38 130.00 

S-.5 3.3 YRS. 0.2051E 05 39 100.30 

SO 3.2 YRS. 0.205OC 05 40 100.00 

sc 3.3 YRS. 0.2109E 05 40 100.00 

R2 3.2 YRS. 0.2U5Ê 05 40 100,00 

SO.5 3.2 YRS. 0.2165E 05 40 130.00 

SI 3.2 YRS. 0.22086 05 41 100.00 

K Z . j  3.2 YRS. 0.23UE 05 42 100.00 

L0.3 3.3 YRS. 0.2399E 05 42 100.00 

Li 3.3 YRS. 0.24UE C5 43 100.00 

SI.5 3.2 YRS. 0.2441E 05 43 100.00 

LO 3.3 YRS. 0.2463E 05 43 90.99 

Ll.f) 3.2 YRS. 0.2490E 05 43 100.00 

R3 3.2 YRS. 0.25196 05 43 100.00 

C2 3.4 YRS. 0.2567E 05 44 100.00 

52 3.2 YRS. 0.2575E 05 44 100.00 

L2 3.2 VRS. 0.2634E 05 44 100.00 

L3 3.2 YRS. 0.2816c 05 46 100.00 

S3 3.2 YRS. 0.2865E 05 46 100.00 

R4 3.2 VP S. 0.2930E 05 47 100.00 

L4 3.2 VRS. 0.3072E 05 48 100.CO 

S4 3.2 YRS. 0.32096 05 49 100.00 

L5 3.2 YRS. 0.3343E 05 50 100.00 

P5 3.2 YRS. 0.3352E 05 50 100.00 

S5 3.2 YRS. 0.35C5E 05 51 100.00 

S6 3.3 YRS. 0.363JE 05 52 100.00 

C3 3.7 YRS. 0.4727E 05 60 95.46 

04 4.3 YRS. 0.7277E 05 74 90.60 

5C 3.2 VRS. 0.8057E 05 78 100.30 
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Table 28. All Home office Employees, including part time, 
additions, retirements and balances 

i n p u t  da t a  j une  28 ,  1974  
s imu la t ed  p l a n t - r e c o rd  m e thod  

i owa  s t a t e  un ive r s i t y  

a l l  hche  o f f  i c e  emp loyees ,  c l e r i c a l  and  co l l ege .  i nc ludes  p . t .  

accoun t  con t ro l  c a r d  

accoun t  name»  q f f l c e l  e a r l i e s t  a co i t i on*  1 9 4 8  l a t e s t  add i t i on»  1 9 7 2  e a r l i e s t  ba l a nc e »  1 9 4 7  

no .  o f  t e s t  po in t s »  1 2  i n t e rva l  b e tween  t e s t  po in t s '  0  l a s t  t e s t  p 0 1 n t=  1972  sp r  me thod»  ba l .  

i npu t  c a t , .  a cd i t ,  and  ba l .  , , , , , ,  ba l ance -  1972  

i npu t  me thod»  c a rd  

p l a n t  add i t i ons  

yea r  ado i t i ons  yea r  add i t i ons  yea r  add i t i ons  yea r  add i t i ons  

1948  298 .  1953  378 .  1958  430 .  1963  429 .  
i s4  9  264 .  1954  3 2 6 .  1959  5 3 9 .  1964  435 .  
1950  379 .  1955  353 .  1 9 6 0  459 .  1965  444 .  
l s51  470 .  1956  428 .  1961  327 .  1966  441 .  
1952  541 .  1957  4 9 7 .  1962  365 .  1 9 6 7  509 .  

1968 619. 
1 9 6 9  745 .  
1970  671 .  
1971  516 .  
1972  478 .  
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I 

Table 28. (Continued) 

p l an t  r e t i r emen t s  

Y6AP R=TIREMtNTS 

***** 0. 
1948 297. 
1549 246. 
1S50 333. 
1551 450. 
1952 474. 

YEAR RETIREMENTS 

1953 361. 
1954 304. 
1955 381. 
1956  3 5 0 .  
1957 400. 
1958 424. 

PLANT BALASCcS 

YEAR 6ALANCES 

**** 589 
1948 590 
1949 60d 
1S5C t54 
1S51 674 
1952 741 

YEAR BALANCES 

1953 758. 
1954 780. 
1955 752. 
1956 830. 
1957 927. 
1958 933. 

YEAR RETIREHENTS YEAR RETIREMENTS 

1959 479. 1965 429. 
1960 462. 1966 467. 
1961 349. 1967 476. 
1962 334. 1968 516. 
1963 328. 1969 603. 
1964 361. 1970 586. 

1971 
1972  

0 
0 
0 
0 

485. 
465. 

0. 
0.  
0 .  
C. 

hJ 
O 
o 

YEAR BALANCES 

1959 993. 
1960 990. 
1961 968. 
1962 999. 
1963 1100. 
1964 1174. 

Y E A R  B A L A N C E S  

1965 1189. 
1966 1163. 
1967 1196. 
1968 1299. 
1969 1441. 
1970 1526. 

1971 1557, 
1972 1570. 

0 0. 

0 C. 
0 0, 

0 0. 
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Table 29. All Home Office Employees, including part time, 
comparison with Iowa curves 

ko .  o f  t e s t  p01n t s=  1 2  i n t e rva l  s e t  ween  t e s t  po in t s '  0  l a s t  t e s t  po in t»  1972  

s imu la t ed  ba l a nc es  me thod  

d i spe r s i on  ave rage  s e rv i ce  l i f e  sum  o f  s qua r e s  d i f f .  i ndex  3 f  v a r i a t i on  pe t .  exp .  i n d ex  

c4  2 .9  y r s .  0 . 5873e  05  55  100 .00  

03  2 .7  v r s .  0 .6334e  05  57  100 .00  

0 2  2 . 6  y r s .  0 . 8769e  05  67  100 .00  
l o  2 .6  y r s .  a . 9765e  05  71  100 .00  

s c  2 . 6  y r s .  0 . 1032e  06  73  100 .00  

l 0 . 5  2 . 6  y r s .  0 . 1067e  06  7 4  100 .00  

s - . 5  2 .6  y r s .  0 .1128e  06  76  100 .00  

r 0 , 5  2 . 5  y r s .  0 . 1143e  06  77  100 .00  

l i  2 . 5  y r s .  0 . h 6 8 e  06  77  100 .00  

s o  2 . 5  y r s .  0 .1245e  06  80  100 .00  

l i . 5  2 .6  y r s .  0 .1264e  06  81  100 .00  

r 1  2 . 6  y r s .  0 . 1 2 6 9 e  06  81  100 .00  

so . 5  2 . 6  y r s .  0 .1336e  06  83  100 .00  

l 2  2 .5  y p  s .  0 . 1363e  06  84  100 .00  

r 1 . 5  2 .5  y r s .  0 . 1376e  06  84  100 .00  

s i  2 .5  y r s .  0 . 1434e  06  86  100 .00  

r 2  2 .5  y r s .  0 .1497e  06  8 8  100 .00  

s i . 5  2 . 6  y r s .  0 . x526e  06  8 9  100 . 00  

l 3  2 .5  y r s .  q . 1584e  06  90  100 .00  

r 2 . 5  2 .5  y r s .  0 . 1598e  06  91  100 .00  

s2  2 . 5  y r s .  0 . 1617e  06  9 1  100 .00  

r 3  2 .5  y r s .  0 . 1707e  06  94  100 . 00  

l 4  2 .5  y r s .  0 . 1 7 7 4 e  06  96  100 .00  

s3  2 . 5  y r s .  0 .1774e  06  96  100 .00  

r 4  2 . 6  y r s .  0 . 1 8 5 7 e  06  9 8  100 . 00  

l 5  2 .5  y r s .  0 . 1 8 9 1 e  06  99  100 .00  

s4  2 . 5  y r s .  0 . 1902e  06  99  100 .00  

r 5  2 . 5  y r s .  0 . 1 9 2 5 e  06  100  100 . 00  

s5  2 .5  y r s .  0 . 1930e  06  1 0 0  100 . 00  

s6  2 . 5  y r s .  0 . 1930e  06  100  100 .00  

so  2 . 5  y r s .  0 . 1067e  07  235  100 .00  



www.manaraa.com

Table 30. Manufacturing Unit Hourly, additions, retirements 
and balances 

I N P U T  I J A T A  
simulated PL&NT-R5C3: C, METiC'O 

I O , A  5 T . ' . T £  ' J \ :  V E C 3 1  T Y  

JUNc 2Ô, 197-

MA.NuFiCTL-ISO J\!i -C.C'.r 

A C C J L N T  C C N T S C L  C I ' C  

A C C O U N T  N A M n  =  V P , , i  

N C .  C P  T E S T  

I N O L T  C A T A :  A : : ! T .  ?  

P L A N T  A C C ! T 1 C \ 5  

s A r L l E S T  / . : O I T I O N =  1 9 6 6  L A T E S T  A D D I f I O N =  1  9 7 3  E A R L I E S T  a A L A N C E =  1 9 6 5  

i ' T f . û V M .  a c T W E E N  T E S T  P O I N T S -  1  I .  A S T  T S i T  P 0 I N T =  1 S 1 3  S P P  M E T H O D =  Ï A ! - .  

: L .  L A T E S T  U A L A N C E =  1 9 7 3  

i N P - J T  M E T H C O =  C A R D  

O 

Y^AR 

1 5 6 6  
l%7 

A[:|fi:\3 

17 5. 

YEA; 

IVoi 
196-) 

• J O L I l T I D N j  

5 < ) 2 .  

6 4 1 »  

Y E A R  

1970  
1 9 7 1  

A O Q I T I O N S  

60 2.  
2 0 3 .  

Y E A R  

1 9 7 2  
19n 

add i t i ons  

5 3 1 .  
6 9 2 .  
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Table 30. (Continued) 

P L  4 M  i >  ;  

YEA% ;£• 

* » * * #  ;  .  ;  - r .  '  

1»66 j'-» 1^66 o/î, 

P L A N T  B A L A N C E S  

y  S I R  : . . L A \ C 5 i  

» * * ? »  
î Îo t i. j < . . 

i'.LANCE; 

. 4- .1 ̂  t f 
:  •  :  2  j  1  3 .  

y7 V 
6iS. 1 9 7 1  

1^7 2 
32'.. 
fc2î. 

O 
U> 

>  1 1  5  T  i  L  i  N C  E  S  

1-tr -3;.. 
•37: 

Y Ç Z :  r A L  A N C  f i  

:v istà. 
i  ' / c  ^ 4 6 8 ,  
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Table 31. Manufacturing Unit Hourly, comparison with Iowa curves 

, 0 .  I F  T £  S T  P C I . N T S  =  4  ! \ T  S S V A L  3 E T d : Ç .  T E S T  P O I N T S :  1  L ' .  = . T  T ; , :  1 4 7 )  

S I M U L A T E :  B A L A N C E S  H E T h O O  

i P E R S l C N  A V E R A G E  S E R V I C E  L I F E  S U M  J r  s  0 | C F .  I N D E X  O F  V A R I A T I O N  t  = .  T .  ?  X  = .  :  

L 2  4 . 7  Y K S .  0 :  1 5 4  5  9  .  • .  1  
S I  4 , 6  Y R S ,  Ob 1 5 6  
L I  . 5  4 .  7  Y R  S .  0 .  o  j  r  1  c  0 6  1 5 6  5 7 ,  o 2  
S I . :  4 . 6  Y R  S .  1 5 7  ^ 5 . 5 3  
S O .  5  4 . 6  Y R S .  -  ,  -  *  i  T  L  D c  l i e  4  .  .  ;  J  

S 2  4 . 5  Y R Î .  O o  !  5 9  9  3  .  ' j  9  
L I  4 . 3  Y R S .  O t  1 6 ?  1 2  
L 3  4 .  6  Y R  S .  O o  1 6 0  9 5 .  3 :  
R 2  4 . 6  Y R S .  3 . 0  O o  1 6 1  9 : . )  :  

4 . 6  Y f  S .  j . 5  j y  v f  O o  1 6 1  .  i .  7  i  

R 2 . 5  y ,  5  Y R  S .  j  .  3  4  7  3  z  O c  1 6 2  9 4 . 1 »  
f i l  Ô  4 . 6  Y P  S .  0 6  1 6 3  r  ?  .  ̂ T  
R 3  4 . 5  Y P  S .  C  .  3  L  7 .  :  3 6  1 6 5  1  
c  1  4 , 6  Y ^ S .  0 6  1 6 6  v : .  7 3  
L  D  .  4 . 9  Y r  S .  ^  $  5  3  C I  =  û f c  1 6 6  3 0 . 6 7  

S i  4 .  5  Y P  S .  ]  ,  U  d  9  0  c  O f c  1 6 7  9  4 .  3 5  
L 4  4 . 5  Y R i .  3 . 7  2 O 0 Ï  0 6  1 7 1  9 9 . 3 1  
S - . 3  4 .  7  Y R S .  'j.TlQiZ 1 7 1  3 3 . 3 7  

4 .  5  Y 5  5 .  0 . 7 2  5 0 H  ^ 6  1 7 2  1 0 : , : )  
?  C .  i  4 . 7  Y R S .  D . 7 4 0 3 E  06  1 7 4  
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Table 32. Career College Graduates chi-square tests 
on retirement rate data 

Age Actual 
Year Int. Retire. 

1966 0-1 9 
1-2 14 
2-3 3 
3-4 9 
4-5 2 
5-6 0 

1968 0-1 7 
1-2 6 
2-3 7 
3-4 4 
4-5 3 
5-6 1 
6-7 1 
7-8 1 

1970 0-1 9 
1-2 15 
2-3 5 
3-4 0 
4-5 2 
5-6 4 
6-7 4 
7-8 2 
8-9 1 
9-10 1 

No. in Prob. 
Expect. Orig. of 
Retire. Group Retire. 

11.5 4 3 .2663 
9-6 47 .2040 
3.6 28 .1296 
1 .6  20  .0801  
1.1 20 .0532 
0.4 11 .0387 

7.9 38 .2088 
4.6 26 .1772 
4.1 31 .1312 
2.4 27 .0902 
1.6 25 .0624 
0.7 15 .0451 
0.6 16 .0344 
0.3 10 .0276 

9.8 36 .2725 
8.9 43 .2061 
3.2 25 .1288 
1.4 18 .0789 
1.0 19 .0524 
0.8 21 .0382 
0.7 22 .0302 
0.4 14 .0254 
0.3 13 .0224 
0.2 9 .0205 

a L w 2 %. 
df X' x.<K> 

6 4.80 10.6 15.8 

Oil, 4 ASL 

8 8.09 13.4 20.1 

04, 5.2 ASL 

10 52.85 15.0 23.2 

04, 3.9 ASL 
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Table 33. Career College Graduates chi-square tests 
on original group data 

No. in Profa. 
Age Actual Expect. Or ig. of calc 2. , 

Year Int. Retire. Retire. Gr oup Retire. df 

196 1 0-1 12 10.1 9 1 .1111 9 11.71 14.7 23.2 
—6 3 1-2 14 9.6 . 1055 

2-3 6 8.8 .0966 
3-4 7 7.7 .0849 04, 10 ASL 
4-5 8 6.6 .0720 
5-6 3 5.4 .0596 
6-7 2 4.5 .0489 
7-8 5 3.7 .0401 
8-1 1 2 7.7 .0846 

11 up 32 27.0 .2967 

1964 0-1 17 19.2 139 .1382 6 12.62 10.6 16.8 
-63 1-2 30 17.8 .1281 

2-3 16 15.6 .1119 
3-4 9 12.8 . 0921 04, 8 ASL 
4-5 7 10.1 .0728 
5-6 4 7.9 .0567 
6 up 56 55.7 .4005 

1967 0-1 19 16.4 11 9 .1382 3 12.21 6.2 11.3 
-69 1-2 27 15.2 .1281 

2-3 9 13.3 . 1119 04, 8 ASL 
3 up 64 74.0 .6220 
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Table 34. Manufacturing Marketing chi-square tests 
on retirement rate data 

No. in Prob. 
Age Actual Expect. Orig. of calc ^ % 

Year Int. Retire. Retire. Group Retire, df X, X.%) 

1966 0-1 1 2.4 2 1 . 1 145 

1-2 2 2.6 24 .1084 

2-3 3 1.3 1 3 .0987 

3-4 1 1.5 17 .0861 

4-5 0 0.8 1 1 .0724 

5-6 2 0.8 13 .0594 

6-7 2 0.7 1 4 .0484 

7-8 0 0.5 1 3 .0395 

8-9 0 0.2 6 .0326 

9-10 0 0.2 6 .0273 

10-1 1 0 0.3 13 .0231 

11-12 1 0.1 5 .0200 

12-13 0 0.1 1 4 .0175 

13-14 0 0.2 13 .0155 

14-15 0 0.1 6 .0140 

15-16 0 0.1 7 .0128 

16-17 0 0.1 7 .0118 

17-18 0 0.2 16 .0109 

18-19 1 0.1 1 4 .0103 
19-20 0 0.1 1 2 .0097 

20-21 0 0.1 6 .0092 

21-26 1 0.1 4 .0337 

22 30.63 30.8 *0.3 

OU, 9.7 ASL 
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Table 34. (Continued) 

Ho. in Prob. 

Age Actual Expect. Or xg. of 

Year Int. Retire. Retire. Group Retire 

1968 0-1 2 2.8 24 . 1169 

1-2 7 3.0 27 .1 104 
2-3 2 2. 1 2 1 .1002 

3-4 4 2.1 24 . 0869 

4-5 1 0.9 13 .0726 
5-5 1 1 .0 1 7 .0593 

6—7 0 0.5 1 1 . 0480 

7-8 0 0.5 1 3 .0391 
8-9 1 0.5 1 4 .0322 

9-10 0 0.4 1 3 .0269 

10-1 1 0 0.1 6 .0228 
11-12 0 0-1 6 .0197 
12-13 0 0.2 13 .0173 
13-14 0 0.1 5 .0154 

14-15 0 0.2 14 .0139 
15-16 0 0.2 13 .0127 
16-17 0 0.1 6 .0117 
17-18 0 0.1 7 .0109 

18-19 0 0.1 7 .0102 
19-20 0 0.2 16 .0097 

20-21 1 0.1 14 .0092 

21-22 0 0.1 12 .0089 

22-23 0 0.1 6 .0086 
23-27 0 0.1 4 .0320 

calc 
X 

24 17. 88 33.2 43.0 

04, 9.5 ASL 
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Table 3U. (Continued) 

No- in Prob. 
Age Actual Expect. Orig. of caLc ^ 

Year Int. Retire. Retire. Group Retire, df X X.io X.yy 

1972 0-1 1 3.4 35 .0960 
1-2 6 2.1 23 .0922 

2-3 2 3.0 35 . 0863 
3-4 4 3.1 40 .0783 
4-5 0 1.7 24 .0690 
5-6 1 1.6 27 .0594 
6-7 2 1 .1 21 .0503 
7-8 0 1.0 24 . 0424 
8-9 0 0.5 1 3 .0357 
9-10 1 0.5 17 .0303 
10-11 1 0.3 1 1 .0259 
11-12 0 0.3 13 .0223 
12-13 0 0.3 1 4 .0195 
13-14 0 0.2 1 3 .0172 
14-15 0 0.1 6 .0153 
15-16 0 0.1 6 .0138 
16-17 1 0.2 1 3 .0126 
17-18 0 C.I 5 .0115 
18-19 0 0.2 1 4 .0107 
19-20 0 0.1 1 3 .0100 
20-21 0 0.1 6 .0094 

21-22 0 0.1 7 .0089 
22-23 0 0.1 7 .0084 
23-24 0 0.1 1 6 .0080 
24-25 0 0.1 1 4 .0077 
25-26 0 0.1 1 2 .0074 
26-27 0 0.0 6 .0072 
27-31 1 0.1 4 .0138 

04, 11.6 aSL 
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Table 34. (Continued) 

No. in Prob. 
Age Actual Expect. Or ig. of 

Year Int. Retire. Retire. Group Retire 

1970 0-1 1 3.4 35 . 0960 
1-2 4 3 .7 4 0 .0922 
2-3 8 2. 1 24 .0863 
3-4 1 2.1 27 .0783 
4-5 1 1.5 2 1 . 0690 
5-6 1 1 .4 24 .0594 
6-7 0 0.7 13 .0503 
7-8 1 0.7 17 .0424 
8-9 0 0.4 1 1 .0357 
9-10 1 0.4 1 3 .0303 
10-1 1 1 0.4 1 4 .0259 
11-12 0 0.3 13 .0223 
12-13 0 0.1 6 .0195 
13-14 1 0.1 6 .0172 
14-15 0 0.2 1 3 .0153 
15-16 0 0.1 5 .0138 
16-17 0 0 .2 1 4 .0126 
17-18 0 0.2 13 .0115 
18-19 0 0.1 6 .0107 
19-20 0 0.1 7 .0100 
20-21 0 0.1 7 .0094 
21-22 0 0.1 16 .0089 
22-23 0 0.1 1 4 .0084 
23-24 0 0.1 1 2 .0080 
24-25 0 0.0 6 .0077 
25-29 0 0.1 4 .0286 

calc 
df X'" -.99 

26 34.34 35.6 45.6 

04, 11.6 A5L 
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Table 35. Manufacturing Marketing chi-square tests on 
original group data 

No. in 
Age Actual Expect. Orig. 

Year Int. Retire. Retire. Group 

Prob. 
of calc , , 

Retire, df X"" X 

1941 0-1 6 2.3 66 .0342 
-51 1-2 4 2.2 .0336 

2-3 2 2.2 .0333 
3-4 2 2.2 .0328 
4-5 1 2.1 .0323 
5—6 1 2. 1 .0316 
6-7 2 2.0 .0308 
7-8 0 2.0 .0300 
3—9 2 1 .9 .0290 
9-10 3 1.9 .0280 
10-11 2 1 .8 .0269 
11-12 1 1.7 .0258 
12-13 3 1.6 .0246 
13-14 0 1.5 .0234 
14-15 0 1.5 .0222 
15-16 2 1.4 .0210 
16-17 0 1 .3 .0199 
17-18 0 1.2 .0187 
18-19 1 1 .2 .0176 
19-20 0 1.1 .0166 
20-21 1 1 .0 .0156 
21-22 0 1 .0 .0147 
22-23 1 0.9 = 0138 
23 up 32 27.9 . 4228 

.0342 23 21.54 16.0 41.6 

04, 33 ASL 
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No. in 
Age Actual Expect. Orig. 

Year Int. Retire. Retire. Group 

Prob. 
of caLc ^ ^ 

Retire, df X 

1952 0-1 1 8.0 114 .0699 

-62 1-2 5 7.8 . 0682 

2-3 14 7.5 .0657 

3-4 9 7.1 .0624 

4-5 7 6.6 .0583 

5-5 7 6.1 .0536 

6-7 4 5.5 .0485 

7-8 5 5.0 .0435 
8-9 5 4.4 -0386 
9-10 2 3.9 .0341 

10-11 5 3.4 .0301 
11-12 1 3.0 .0266 
12 up 49 45.7 .4005 

1961 0-1 2 5.0 54 .0929 

—64 1—2 4 4.8 .0894 

2-3 9 4.5 .0839 

3-4 7 4.1 .0767 
4-5 1 3.7 .0682 
5—6 4 3.2 .0591 
6-7 0 2.7 . 0505 
7-8 2 2.3 .0428 

8-9 2 2.0 .0362 
9-10 3 1 .7 .0308 

10 up 20 20.0 .3697 

12 17.14 18.5 25.2 

D4, 16 ASL 

10 14.33 16.0 23.2 

04, 12 ASL 
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Table 35. (Continued) 

No. in Prob. 
Age Actual Expect. Orig. of calc 

Year Int. Retire. Retire. Group Retire. df x"-

1964 0-1 1 9.5 85 .1111 7 19.72 12.0 18 
—67 1-2 11 9.0 . 1055 

2-3 11 8.2 .0966 
3-4 12 7.2 .0849 34, 10 ASL 
ti-5 12 5.1 .0720 
5-6 3 5.1 .0596 
6-7 5 4.2 .0489 
7 up 30 35.8 .4215 

1967 0-1 4 11 .7 126 .0929 4 8.37 7.7 13.3 
-70 1-2 15 11.3 . 0894 

2-3 15 10.6 .0839 04, 12 ASL 
3-4 11 9.7 .0767 
4 up 81 82.8 .6575 
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Table 36. atility Union Eaployees, chi-square tests 
on retirement rate data 

No. in Prob. 
Age Actual Expect. Orig. of caLc ^ 

Year Int. Retire. Retire. Group Retire, df X X.c/? 

1971 0-1 706 71.6 903 .0792 3 6222 6.2 11. 
1-2 49 87.7 1141 .0768 
2-3 4 97.4 132 5 .0734 04, 14.1 ASL 

1973 0-1 831 217.1 124 7 .1741 5 2402 9.2 15. 
1-2 202 187.6 1210 . 1550 
2-3 12 113.1 903 .1252 
3-4 7 107. 1 1141 .0938 04, 6.3 ASL 
4-5 2 90.7 132 5 .0684 
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Table 37. Utility Union Employees, chi-sguare tests on 
original group data 

No. in Prob. 
Age Actual Expect. Grig. of caLc Z 

Year Int. Retire . Retire. Group Ret ire. df 

1363 0-1 1172 623.3 132 5 .4703 5 926 9.2 15. 
1-2 83 277.9 .2097 
2-3 4 121 .8 .0919 
3-4 2 74.2 .0560 04, 2.0 ASL 
4-5 2 56.8 .0428 
5 up 62 171.7 . 1296 

1970 0-1 937 536.7 1141 .4703 4 599 4.5 9.2 
1-2 49 239.3 .2097 
2-3 14 104.9 .0919 
3-4 7 63.9 .0560 04, 2.0 ASL 
4 up 134 196.8 . 1724 
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