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Chapter T

. Introduction .

Evaluation of educational and social programs have hxstorlcally

been carr1ed out with the assumption ‘that the purpose of evaluatlon

is to determine if a program is any gocd (Anderson & Ball, 1978).
In the last decade, program evaluation activities have undergone
research to determine, develop, and.validate the theoretical
qundations associated with the evaluation process. As a result of
the work by Sassone (1977), Scriven (1967), Croﬁ%aéh (1963),
Stufflebeam~(1973), Stake (1967), and others, program evaluation

is now viewed as hav1ng six speC1f1c purposes (Anderson & Ball,
1978). These spec1f1c purposes, which are not necessarily mutually:
exclusiva,ginclude: {a) tocontribute to aecisions about program °
installation, (b) to,contribute to decisions about program
continuation, expansion or certificatioﬁ, (c) to contribute to
decis;ons about program modification, (d) to obtuin evidence to
rally support for a program, (e) to obtain evideace to rally .
opposition to a program, and (%) to contribute to the understanding
of basic psycholbgicai, social, and other processes,

These specific purposes for evaluation have been defined in
the literature along with supporting research that provides
theoretical frameworks Over-arching these speC1f1c purposes are
the evaluative focus on psychological, sociological, and/or ‘o

economic impact. Cost-benefif analysis is a major method of



program evaluation- in terms of economic impact.
What is important to realize is that the government was not
- ~

<

the only organization investing iﬁ-people. Increasingly, industry

and indeed nearly every organization faces the realization thatc}ts
workers (the. human resou}qé) are a éritical component of their
success. Since émployee training is é major invesiment for .
creating human capital out of which labor services emerge, and
since the private sector organlzatlons exist to make those ga1ns

: which ‘are equated to profit, a concern for evaluating training
~-programs both in terms of their effectiveness and "ecqnomic
-efficiency exists. T 4}

Economically drivan organizations wjll choose programs which
have the greatest benefit return on the costs. In tenmé—of.human
capital inVestmént, this féqujres accurate cost-benefit evaluation
of training which includes éll the available training options. V
'Va1u1ng programs and summarlzlng these values in economic terms
is the soul of cost beneflt analysis: assessing the good and
bad aspects of a decision alternative by valﬁinq them in terms of
money (Thompson, 1980). Kearsly further defines cost-benefit
analygis as a technique or ﬁéthod for assessing the relationship
between results or‘outcomes and costs required to produce them (1982).

The purpose then s two-fold: (1) if investment is made in

tralnlng employees (human capital), are the cost and beneflts

determlned and (2) if dlfferent options exist to do training, what
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is a reliable method for haking training investment decisions based
on cost-bénefit analysis?

To accomplish these, a simple but powerful fool is needed by
decision makers. The tool needs to be ‘easy to use and not require - ' 1
the user to have ah.economics backgrounJ in order to produce / |
useful data. The most often used ﬁethod is to apply cost-benefit |
analysis tcols designed to address capitaf_investments. :

' Recently a cost-benefit model was developed at the University _
of Minnesota Center for Employee Training and Developmeﬁt This
model was presented by R1chard A. Swanson and Gary D. Geroy in a
paper entitled "Forecasting the Economic Bepefits of Ira1n1ng" (1983).

To be useful as a tool for decision makers, th1s model requires
vaiidat1on in the arena of an economically driven organlzatlon.

Purpose of the Study

"The purpose of this study is to study the validity of the

University of Minnesota Skills Training Cost-Benefit-Forecasting

. . Model (STCBM) in a corporate setting.

-




bhapter Ir -

Raview of the Research and Related.Literature -

'p N

Cost-Benefit Perspectives ¢
Employee training takes place in two general ways, formal or .
informél. Many workers increase their productivity by learning
new skills and perfecting old ones while on the job throﬁgh
informél means. This on—the-job training, called unstructured
tra1n1ng (Cullen, Sawzin, Sisson, & Swanson, 1976) takes place
without benefit of a specific program and.often takes place
alongside an experienced worker-who simultaneously continues to _ )
perform his or her regular duties. In their article, "Training,
What's It Worth," these same authong define formal t;aining,as
“structured training® in which training of a new worker takes place
through a systematically developed educational program. They e
ﬁpﬁther submit that "Whether or not structured training is a frill '
or a needed production tool cam only be assessed if its relative
cost. effectiveness is known" (p. 12). The objectiVe of the Cullen,
et al., experiment was to carry out and report a comparison made to
evaluate the effectiveness of these two training methods in terms
of training time, worker competence, developmeal and training costs,
production losses, reaction to production problems, and attitudes,
toward training. In their discussion, these authors -submitted,
that in theory a structured training program could develop a better

7

trained worker with objective evaluation of training costs

Additionally, they submitted that "At surface evaluation,

}
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unstructured training is inexpensivek effective, and easy to
implement" (p. 13).

. When viewed from an organizatiqnal perspective, training
directots are the resource managers who are reébonsibi;mfé;‘;ﬁié
p}ofit or cast center in the company. Top man;ggment holds
training managers accountab;e,for the results of training in
economic and produciivity terms. Support of training comes about

from training's ability to contribute to organizational objectives,

not usually because training is inherently good or will satisfy
. o .

employees. Cost-benefit analysis compares the cost of developing

L4

trainihg programs to the econagmic benefit or gains from-conducting
training: It is important that "justification'of~training should b% l
in organizational terms" (Mopat, 1981, p. 47). Thus, cost-benefit
analysis "is particularly useful in answerind managerial/organizational °
questions" (p. 48). ‘ - ’
Y. R. K. Reddy (1979) submits that "the basi; purpose of

evaluation is to identify and measure the changes in productivity

:or profitability associated with a change of training" (p. 50).

Within this cost center context;.Reddy views this purpose of

“evaluation from two standpoints. “Firstly,-it is to estimate the

change in cash outflows and ‘inflows .associated with the change in
training methods. Secondly, it is to treat the 'b;nefits' as the
change in results from training apd the 'cost' as the change 1n',J"
economic sacrjfice“ (p. 50). The changes due to training cah be

t
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drréct, indirect, or subsequent (long term) (Jones, 1972). Changes -

Tp the elements of performance like reduction in machine or'plant

/ . A
down time, increased output, waste/scrgp, and quality control
-——,-————_""" *

freje@tiong are the primary sets of benefits that may arise out of
| difect changes. The second set o% diﬁect'changes nas been identified
in the area of flucuations in training time. Under this, it is
assumed that any-éhortening of learning time will result in trainees
bedinning to make their’econqmic contributions soqnéf. « The third
type of direct benefits is identified as}increaseﬁ retention of
the people who have developed skill in the particular jobs, i.e.
" reduction in labor turnover. ’
In addition, iﬁairéct changes.were identified by Jones Qs_
(a) changes in demands on‘supervision allowing supervision to be .
productive in other directions,'(b) changes in performanfe‘of otﬁers
affected by the work of trainees, and (c) changes irr the degree of
flexibility or adaptability which can be used to benefit-the
company i1972). “Jones further went on to identify the subsequent
or long-term cpangés as (a) changes in the level of ability of
people presenting themselves for training (;.e, improved.recruitment),
and @9) positive changes in factors limiting performances of the -
department or compahy.
Though the classification of Jones has ser;ed the purpose

of presenting a, framework of possible benefits of training,

. Y. R. K. Reddy (1979) has criticized Jones for excluding what he"‘
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(Reddy) refers to as the "broader effects on the economy and ]
adopting the pompany's‘investment angle" (p. 51). Reddy cites the

-

example: 5
23

A transfer of skill or iurnover of trained labor from one .
company to andther would be a financial loss to the trainer
cbmpany. However, from the viewpoint of the society the
mobility of skill within the economy is not a loss but merely
a transfet. Thus tﬁg 'poaching’ argumentégfrom the company's
point of view cannot be listed as a benefit or a cost in

™

. studies using cost-benefit techniqueé. (p. 51)

Reddy's summation of costs is that evaluative studies of ) o
training have taken into account,two'types of costs, "sa) direct
expenditures which may be fix;d or variable, and gb) costs of
output foregone as a'result of training" (p. 52). This difference
between what could have been produced and what is produced has
peen coined "the opportunity cost" of the time spent in trainfng
(Becker, 1975). Jones, Moxham & Thomas (1969) also address this
issue of opportunity costs. fhey contend thath"all economic costs
are opportunity costs; the cost of a factor input in the ‘production
of a commodity is the value of the outpui foregone "in its otﬁér
uses. If the factor has no other simultaneous alternative use,
there will be merely an input which has no cost; there will be no

?

output foregone" (p. 232). This approach to viewing costs in
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training raised the question*of thé correctness ‘of viewing the wage
value of ihe hours spent as a traiﬁing-instruqﬁor of experienced
production or supervisory personnel. It.is the contention of Jooes.
et al. that organizqtidﬁs contain a certain amount of "slack" as a
necessary condition of maximum effectivenesg. fhey suﬁhit that:
This is analogous'to-;he small percéntage of unémployment
(moving from job to job) which is necessary to a full
economy. If the use of workers interm;ttently as temporary
training supervision were at the‘expenée of thgs sort of

.

slack, it would Eléarly be an opportunity cost. There may

h)

. L
underemployment due to restrictive practices or faulty .

be ‘over-manning': excess capacity or disguised

management. In this case, the part time or even whale time

use of craftsmen to undertake other hctivities,.§uch as

training, might well be costless to the firm. (p. 233)
Even with this consideration for slack, Jones et al.‘concede that
"there will hardly be any <instance where the training of unskilled
recruits will‘bg costless to the fir&" (p. 236). What is being
suggested is that in order to measure the expenéé o% systematic
training, it is necessary to cost the learning by doing, then to
cost fhe training situation after the introduction of systematic
training, and thus derive the increase in training costs:

What is signific?nt about tpe earlier literature is the almost_‘

total concentration of identifyiﬁg training costs and comparison of

.11

<
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. -training cost of one method versus another as the strategy for
o selection of a trainipg option. Alternatlvely, early literdature
purports the need to extablish the results of the "old" and the “new"
training and then to quantify and evaluate the change~1n results. ‘ 0
Under the latter scheme, none of the cgsts of training except the _
_ cost associated with wages and cutput during the training period are
- shown (Jones. et al., 1969). In short, the benefits. are the change. -
‘1n results. This also has been the trad1t1oral view towards formal "
training in the workplace Rooted in this view is a phllosophy that
if unstructured and structured tra1n1ng\resu1t in the same resuits,.

then why spend the money for training programs? After all, .

unstructured (on~the-job) training doesn't cost anything.

]

Cost-Benefit Modeling

Little has been done toraddress the need for formallzed
proven models to aid management in showing a return of tra1n1ng
programs. Those 1nvestment return: moael s which have been suggested
are the same as those used to address capital improvement
investments. Three such: models which have recentxy been suggested
as methods for Justifying tra1n1ng investments are the Return on

Investment, *Benefit-Cost Ration, and Payback Period models (Bartaﬂ

1982) (Figure 1). {iiiw\\

,,

w3 »
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® Return on investment (ROI)

annual revenue - annual expenses
= ROI

investmenf
® Benefit-cost ratio model

training benefits

= CB ratio .
training costs

. ¢ Payback period model ‘

\

___investment __ = _
= Payback period

annual savings

2

Figure 1. Capital Investment CB Models
4

Barta also tontends that in addition to generating hard dollar
data concerniné training investment, these models have appeal to
managers and stockholders because they are models they are
accustomed to dealing with. According tb Barta, "The big unknown
in training‘project justificatian concerns the length of time the
return from the training will be effective" (p. 16), and as such
provides a weakness in these models.

An original cost-benefit model, specifically to address
training, has been suggested by Leonard E. Berry (1982) of Georgia

State University in his article entitled, "Deciding on

Discretionary Costs" (Figure 2).

J— ——e . - — 2

L)

. 13
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Objectives

R 4
= Identify Alternatives

v
Specify Assumptions

13

Determine Costs —. . ——

. \vl - "
. Determine Benefits

of Each Alternative

Identify & Evaluate

Qualitative Factors
R 4 .
Compare Alternatives

\/
Rank Alternatives

Y.
Decision

Figure 2. Discretionary Cost Model

Y

of Each Alternative




14

Key to applications of this model are two specific. assumptions

that need to be established. The first is the prbject economic
life and the discount (interest) rate. "The economic life is the
time period over which the pfoject is expected to prdvide benefits.
The discount rate will be used to compare costs and benefits that
occur at different points in tiﬁe bcth now and in the future"

(Berry, 1982, p. 39). The model restricts itself to only looking

at differential—(incremental)- costs-as—relevant-costs<—"Only— ——— ——~ —

4

differential (incremental) costs are relevant. Differential costs
are those costs tﬁat will differ among the alternatives. That is,
if a cost will not increase (or decrease) if one alternative is
selected over the other, theﬁ it is not relevant and can be ignored"
(p. 39). Berry goes on to clarify that opportunity costs should
also be included. “‘Opportunity costs should be included, t0o. An

opportunity cost is a benefit foregone by selecting a specific

alternative" (p. 39). The Berry model calls for the determination -

of the "incremental beggfits". Although Berry does not discuss
what an "incremental® benefit is, he submits that:
This is the most difficult step in the analysis, since
benefits may be difficult to quantify. There are three
possihle aﬁproaches for measufing benefit§ depending upon

their characteristics: (1), those that can be measured

___: ___directly_in dollars; (2) those that cannot_be measured

directly in dollars but can be measured by some other

» .

15 SRS
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quantifiéble characteristics; (3) and those benefits that
cannot be quantified and must be Judgmentally valued. (p. 39)

A major concern should _be acknowledged about the portlon of the
model which deals with the identification and evaluation of" the
qualitative factors. Berry describes this"part.of the model in
this way: "Nuﬁbérs, representing costs-and benefits usually never
provide a complete soiution to an expenditure problem. There may
be non-quantitative factors that shouldwbe-con§fdered,*which may
sometimes domihate the numbers themselves. Here experienced
Judgment is required in evéluating these factors” (p. 39).

In other words, as a co;t-benefit model, its objectivity and
effectiveness could be cempromised by’political and other subjective ,
organizational realities. 'Unlike the Berry model, Swanson & Geroy
(1984) have developed a model whxch does not provide for qualitative
assessment durlng the cost- beneflt analysis process. Additionally,
the Swanson & Gerox‘model provides for valuing of performénpé as a
key element leading tp‘g benefit determinatipn. Unlike other
models, benefits are not the value of performance but rather the
net of the performance value minus the cbsts incurred to achieve
the performance chénge (Figure 3).

Performance value is basically thé financial worth of

performance units in an enterprise: An its simplest form,

cost-benefit forecasting requ1res that the increases in

performance values, minus tﬁﬁ“tra1n1ng cost, and the resultlng

1]

167
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benefit§ be determined. When perfor;ance value exceeds the
cost, the training yields a beﬁefit. If the césts exceed

_the performance .value, no benefit results. (Swanson & Geroy,‘

1984, p. 7)

Option #1 ‘

Performance Value _

- Training Costs

Benefit

Figure 3. Skills Training Cost Benefit Madel (STCBM)

Other models have been identified in the literature, but none
of them were designed to be of genefic use across business but
rather reflected a method that was peculiar to the organizgtion
which developed it. ‘

Sumary °

A model for forecasting the economic benefits of training
should include facility to identify and summarize the costs
associated with the trainiﬁg and provide an assessment of the value
of the resulting performance for a specified time period.

The cost analysis should include direct and indirect costs as

. well as the measure of the value of production units not produced

or performances not accomplished during the training period.

17
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Individuals concerneﬁ with cost-benefit analysis of training
may not always agree on what should be considered a cost. What is
important is that the analysis of training costs use identical
criteria when costing each alternatfve training options under

consideration.

1

18




Chapter III
The Skills Training Cost-Benefit Forecasting Model (STCBM)

‘The purpose of this sect%pn is to examine the skills training
cost-benefit forecasting model (STCBM) (Swanson & Geroy, 1984).

Economic Foundations of the Model

Basic to the madel is the understaﬁding that pgnefits accrue,
from human capital. It is preciseiy this basic understénding‘and\;\
desire to maximize the firm's\investment;§capita1 and human, with e
which contemporary industry is grappling. Most firms are looking °
to the humdn capital side of their enterprise for significant gains
and training is a partial key in unlocking the benefits.

Structured (formal) and unsfructured (on=the-job) training
have costs. Because an industry does not support a structured
training program does not mean that they have escapéd training
costs. They may escape structured tr;ining development and
delivery costs, but the costs of unstructured training generally
involve a number of inefficiencies sdéh as extended time to become
competent, low production, and waste. . | .

It is Swanson & Geroy's contention that organizations exist to
make gains and that decision nakers determine what gains will be
pursued by establishing goals. They (decision makers) then allocate

resources (financial or hhman) to attain the goals. In attempting

to~improve~organizationa}—pepﬁormanee;—deeisienlmakeps—af the

strategic planning level may ¢hoose to support training or

19 .
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non-training options. The training.option inéludes_both
unstructured on-the-job train%ﬁg and structured training programs.
Both incur costs. A ‘

Swanson & Géroy submit that while "accountants percéive éosts

as the outlays necessary to achieve a given set of outcomes,

. Tinancial managers also perceive costs as the value of the

alternatives foregone in"order-to pursue a particular course of
action" (1984, p. 4).. Acgordingly, all the costs which an

organization can identify and associate with its structured or

_unstructured training must be counted. Employees who are performing

at\tﬁé*levgl of fheir performance goals are not incurring training

costs. Traininé\bbsts\appear when any of the following situations -

—

exist: T

——

performance-site.

1. A new eﬁployee arrives on the job

2. An experienced employee is transferred or promoted to a o
different job, which requires the acquiéition of additional skills
or knowledge or a change in attitude.

3. An experienced employee's job is modified and performance

- of the job requires transfer of skills, knowledge, and perhaps

different applications of subject-matter expertise.
4. An experienced employee has a loss in knowledge and/or skill.

An analysis of training costs must include the measure of the

PRy

value-oﬁ—ppoduetion«unrésqygyproduced*or“performanCEjgﬁf_

accomplished during the period of training. Finally, training costs

20




include the salaries and benefits paid to trainees and others
during the time they are engaged in the training proéesé.

'Swénson & Geroy go on to stress that yhat is "importanf is
that analysis of training costs use identical criteria when
determining the cost for each alternative under coﬁsideration: -
Furthermora, the time period for measuring costs should remain
consistent in order to make yalid cqmpafisons of costs between
training options" (p. 5).

The minimum meﬁsurable costs of on-the-job unstructured
training is the value of employee perfofﬁance that is below the

. performance goal during the training period. Swanson & Geroy cite
a Johns-Manville study (Cullen et al.,”  1976) providing emp1r1ca1
evidence to support the position that the average performance per
employee during the period of unstructured training is 50% of the
performance goal.

The STCBM uses Webster's definition of "benef1t“ as "making a
gain" (1972) They postulate that “"positive returns on 1nvestments"
are benefits. Specifically, they view positive returns on investments

\\\\?s benefits. .

. The investment may be one of t1me or money or material, and
the benefit derived may be quality (effectiveness) or quantity
(efflc\éngzz\:f product or service. Another type of benef1t

may be organiz q;19n~pt_;nd1v1dual_perform nce_gains. to whlch flu

v [

value may be a;;;ﬁned. The value of performance is an ‘
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important part of tﬁe training cost-benefit forecaét model.
Determining the value of performance requires that ‘the total
per%ormance or performance units thdt make up the performance
be identified. (Swanson & Geroy, 1984, p. 5)

Within the model, pe}formance‘value is defined és the "financial
worth of performance units in an enté%prise." fhe STCBM‘stresses‘
that this is not always as obvious as one might first think, but

remains the critical task in each analysis effort.

Cost-Benefit Forecasting Method

In* its simplest form, cost-benefit forecasting requires that
the increases in performance values, minus the training costs; and
the r%§ulting benefits be determined. When the performance vélue
exceeds the cost, the training yields a benefit. If the costs

exceed the performance value, no ‘benefit results.

Option #1 Option #2
Performance Value Performance Value
. - Training Costs : - Training Costs

Benefit . : Benefit
! . Option ,
4 Decision N

7 Figure 4. Cost-Benefit Forecasting Model (STCBM)
Option Decision Method

' . 22




The central core of the‘model is two critical analyses. The analysis

of costs and the analysis of performance value.~

In analyzing costs, care must be taken to include all the

\\\Qgsts attributable to a specific training option. Costs are
Caiculated for staff time, trainee‘timé, consultants,
materials, space, etc., needed to complete each ;tep'in the
training process; neeés analysis, work behavior analysis,
design of training,¢implementation, and evaluation.
Accounting for costs may be expresseq as total costs per
training option or as costs per trainee in ea;h option.

Performance value is -defined as the worth of performance -

units produced in dollars. (Swanson & Geroy, 1984, p. 8)

The parameter of the model is defined by the period of fime
that the!analysis will address. Making valid comparisons of
alternative training options requires the analyst to set a base
time period to be used in calculating performance vdlues for each
training option. This time period is set at the longest period of
timé required by any of the training options under consideration
to bring trainee performance up to the performance goal levéL.

If on—the-joblunstructured training is one of the options, thi§

usually requires the longest time. -

23
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Figure 5. Performance Level Over Time Comparison of Training

Calculations and Required Data for the STCBM

The following data and calculatioﬁéwererequired to implement

the forecasting mode]:

(a) performance goal

(b) performance unit of measure

(c) currency value of each performance unit

(d) time required to attain performance goal

(e) number of performance units achieved during training
period (i x h x a)

(f) existing level of performance

(g) number of trainees

(h) average performance level during training period

24




(i) period of compar.ison (longest "i" nf options being
considered) ‘

(j) total performance units in comparison period
[(i-d)xal+e

(k) tofal;value of performance (c x j x g)

w
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_ / . Chapter Iy
Pilot Testing the STCBM

‘Pilot validation Is the next step in the evaluation of the
STCBM. Through a review of the literature, an examination of the
theoretical basis for cost-benefit of training’ﬁas taken place.
Additionally, the underlying foundation of the STéBM pas been
examined and the structure of the theoretical-modei has been

blueprinted. X

Research Questions rox

To evaluate the theoretical model ,~ the following research

questions have been developed ’ v
1. Does the STCBM have face va11d1ty to corporate users’ |
2. Does the STCBM reliably forecast (predlct) tra1n1ng

program cost-benef1tsv
3. Does the STCQM forecast (predict) valid training ,program

~ cost-benefits? '

4. Does the STFBM work for corporate users not versed in

b
*

economics?

Prc adures o . !
To address these _research questions the following procedures
. Will be used: (1) A _training program w1th1n a manufacnurlng

corporation which has been completed will be selected for use in

their validation study, (2) selected individuals from the organizat1on . .

who are famillar with the obJect1ves of the selected training program

Y
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will be targeted to initfate and apply the STCBM; (3) a cbmparison of
predictive costs and benefits sibmitted by the target population will
be made; (4) an avdit will be conducted to determine the costs
attributéble to the training program; (5) an-audit will be conducted

t6 determine tpe monetary value of the training performance objectives
aéhi;ved as a direct result of the training program; (6) a cost-benefit
analysis using the actual costs and performance values as determined

by the STCBM will be performed; and'(7) a comparison of the cost-
benefit forecasts by the tatget population and the actual cost-benefit

as determined by the STCBM will be performed. |

The following Pert Chart {Figure 6) and the Validation Process !*
Chart (Figure 7) summarize the protedures and processes involved -

in the validation study.

Figure 6. Pert Chart »>f Procedures

_7




Target
Population

1. Comparison/funtrast of costs & summary of problems.
2. Comparison/Contrast of performance values & summary of problems.

3. Comparison/Contrast of benefits & summary of problems.

Figure 7. Validation Pr&cess Chart

.DataAAnalysis~ ‘

Al fiﬁancial data derived during the research procedure will »
be calculated in current dollars. In add1t1on all time measures oo
will be calculated as "full time equ1valents" (FTE) and expressed
as work years of effort. The baSis for 1 FTE is one work year
which contains 2,080 hours. Identification of issues of cost, *
benefit, and performance will be consistent with organization'é o .
policies and.prgctices.( Furthermore,.all cost-bénefit calculatioqs

will be qarried-out within the framework of the STCBM.

10N




Chapter V

Identification of the Host Organization,

Target Proérann and Target Participants

Host Organization

"The study of validity of the STCBM was $o have been done in a

: manufacturlng organization The Onan Corporatlon located in Fr1d1ey,

B e T p—— [V ——

Minnesota is a supplier of diesel and gasoline englnes to 1ndustria1 ]

equ1pment manufacturers—‘1s*1nvoived in the eleutrlc generator set

market, and supp11er in the grow1ng market for electronlc power
conditioning, equipment and un1nterruptab1e power supplies for use
pr1mar11y in the computer industry. Onan was the first manufacturer
in North America to 1ntroduce a totally new family of medium
horsepower diesel engines. This new L-ser1es engine is utilized in
portable air compressors, aircraft ground support equipment, and
marine application. |

Target Program

The specific program to be addressed in this validation effort
is a Geometric Dimension and Toierance training program conducted
at Onan in 1983. A total of 136 empldyees participated in the
program. The program was delivered on-site at Onan and;pd¢ticipants
attended sessions which were scheduled before and after normal work
hours. The program aontent was the result of a joint effort by Onan
Training Department personnel and representatives from three locaili'

technical education institutions who were the vendors who presented

29
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the program. The proposed content was reviewed by representatives

from various departments which would provide participants before

the finql course was approved. The course structure provided for

32 hours oﬁﬁiﬁgﬁlﬁﬁs instruction (16 meetings) and the cost per
[ .

" person included textbooks and materials. : .

Target Population

~ The 136 participantAbbpulation was made up from members of
several different departments with diverse responsibilities within

Onan. The folus of this study will be the population of participants

from the Experimental Machining Department.

The\gprkers within the Experimental Machining Department at;
Onan Corporation pgrform: (a) custom praduction of prototypeequipment
and parts; (b) limited custom production ?dﬁs, (¢) experimental
machining and -fabrication of modifications to existing production

units, and (d)ievaluation of' new designs for main plant production

\ N ¥
feasibility. jhe~worker experience of the group ranged from three

to fifteen yeans.

|

}
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Chapter VI

Data: Discussion and Analysis

Prior to sabmitting a request for training assistance from the
training department, the manager and work group identified two
problems. Generally, they had difficulty reading--and-interpreting
bluepriﬁts as they were received from the engineer group.
Spec1f1cally, the machinists did not understand all engineering
symbols and were unable to make inferences from scant engineering
drawings that were often the enly source of specifications for
prototyce production. Additionally, they felt that they lacked
credibility with the engineering group. The machinists suggested
that they lacked the theoretical backgrouna and formal methodology
training‘to calculate changes in dimensioning to engineer-prepared
designs. lhey also admitted that their "gut feelings" about whether
or not a required operation would work or not, were ignored by the
engineer group until a unit was completed and proven unsatisfactory
orwprocedures which were called out in the design could ﬁot be
carried out on existing equipment. ‘

The manager and workers in the Experimental Machining Department
suggested to the trainina department that a training program in
geometric tolerance techniques would enable them to uﬁderstand the

engiﬁeer~prepared work drawings. This would result in less time in

clarification-as well as reduce scrap and labor due to m151nterpretat10n.

Additionally, they submitted that they would be able to calculate
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engineering-acceptable work drawing changes that would refleét
procedural or layout modifications required to insure production
feasibility.

The objective of the group was to reduce éhe amount -of shop
time spent on wasted prototype production‘effory by 50% on projects
with problans and to identify those proto@yﬁe grojects with potential
machining problems before set-up, jig making, and machining. This
would be échieved by applica;ion}of geomefric and tolerance skills
in pré-productién review of drawingé, for feasibility and by post
“first-piece” prcduction application of these skills in devéloping
procedu;es and’layout modifications to address problems identified
during first prototype effort. .

The group anticipated that 90% of ‘the potential problems could
be identified and resolved in the pre-production review and that the -
prototype machinists woulq be able to resolve those problems that
viere revealed during the first macpinipg effort.

Procedural Activities

The early activities associated with this study took two foci:
(a) the work group'receiving the traiqiné, and (b) the individua{;
targeted to initiate and apply the STCBM.

A meeting was held with the experimental machining group to
discuss the project and to ;equest their support; Following this
initial meeting (attended by all machinists'and the unitfmanagen)ﬁ_

a second meeting was held. Discussion centered on the identification
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- 32
of specific data that rep?e;ented both prior and current activities
associated with prototype machining and related issues. _

The daté>which was provided by the Experimental Machininé
Department is summarized as follows: |

1; A typical prototype machining effort may takekffom four
hours for general machining to five days for specialty machining.

2. The engineering group typicalﬁy takes 2-20 hours of effort
to resolve a geometric tolerance probleq. ’

3. Shqp rates for protoﬁype work are $17.50 per hour for
in-house and $150.00 per hour fér out-of -shop work.

4, It was estimated that up to 50% of engineer drawings had
potential or obvious problems that required thé application of
geometric folerance skills for their resolution.,

Additionélly, the groﬁp Qas ablg to identify two specific
projects whose problem resolution procédures were directly influenced
by the training the involved machinists received. The performance
values associated with thg two projecfs have been determined and
are represented in the data analysis of this study.

These two projects were considered significant by the machinists

“because they represented the two types of probiem scenarios that were

identified by the work‘group prior to the training. The first

project was the machining of a transmission adapEér plate required

7

to accommodate an auto transmission to a diesel engine for an

experimental fleet test. The prdduction request was for fifty units.
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The machinist involved sﬁéted that‘normally he would have set-up and
run the pieces per the engineering sketch, but because of the training
he recognized that the specification for the guide hele for mounting .
location had been drawn and d1men51oned to the casting spec1f1cat10ns
and not to the machined surface spec1f1cat10n. The net result would
have been a scrapping of, all fiftv units.

- The second project that wes pointed out by a machinist as one
where the training was applied, was the machining of flex plates for
the same experimental fleet project. In this situation, the
machining procedures involved welding and machine facing. The
machinist's experience suggesied that the machine faced plate would
not hold a surface w1de tolerance when the welding procedure was
performed. The machlnlst related how he had been required to go
ahead with a similar procedure during an earlier experiment. The

. result then was a 100% rejedtion,rate of the ten units pmduced.~
The machinist calculated that a Roint-tojpoint tolerance on the
machined face could be held if the dimensioning of the part was

s changed to allow for the required procedure. Failing this, a new
and substantially more expensive procedure would have fo be followed.
In this project, the machinist used mate part dimensioning as a
basis to calculate and annotate the drawings which were then routed
back:to the engineer group for approval prior to machining any parts.
These changes ultimately became the permanent specificati&ns for: j_:

the flex plate. In this‘project, the issues of credibility, and
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blueprint reading and intérpretation were addressed.

The other focus of activities was the indiyiduals who would
initiate and apply the_STCBM. Four individuals were identified and
agreed to participate in this study.- They represented management,
training, and ménufacturing engineering backgrounds.

As a group they were presented with the model during a briefing
of the study. Additionally, they were provided with the background
ihformation summarized in the preceding section and the summary of
data from the experimental machining group. At nd time were they
informed of any of the outcomes of the fraining théf had been -
identified and discussed by the experimental machigfﬁg gr&up.

" The STCBM forecasting group was allowed ten days to develop
individual cost-benefit projections. The cost-benefit forecasts
submitted by the members of the forecast group are summarized on

Table 1. \

Forecaster # 1 2 3 4
Performance Value $1,458 $1,008 $700 $1,232
Costs " 66 81 81 95
Benefit $1,392 $ 927 $619 $1,137
. Ratio [21:1] [11:1] [§:1] [1%1]

'[BenefitECost]

Table 1

Cost-Benefit Forecasts for Experimental Machine Group
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All partiéiﬁants agreed in this situatiorn that there would be a
benefit to investment in training. The ratio of benefit to cost
prediction ranged from 7:1 (#3) to 21:1 (#1) with two forecasts
agreeing on 11:1 (#2 and #4).

The actual costs of the training wera determined by reviewing
thé invoices submiited by the’vendor institutions to Onan. That
cost was distributéd equally a¢ross the trainee population and

includes all support material and books (Taple 2).

Actual Costs

Total Cost of Trainiﬁg $10,959.00

Total Number of Participants 136

Cost {Per Participant ) $ 80.50
Table 2

Cost and Performance Value Anglysis

The analysis of the actual performance value of the training
outcome has fotused on two workers from the térget group whose job
performance was directly related to course content knowledge and =~
sgills acquisition. The result was :::\identification of two specific
projects which had problems in layout ané\3>qcedures that wére
treated with the newly acquired skills. In both\pases, the
performance value focused on the value of the savgﬁ\timé.which w?s

in keeping with the goal of the training (Table 3). \\\
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Drive Disks Transmission Adaptors
Value $15.48 per hour per unit $80.13 per hour per unit
Production 2.0 hours per unit 4.5 hours per unit
Rate
»
Price per $15.48 x 2.0 = $30.96 $80.13 x 4.5 = $360.59
- Unit .

. (production ‘ (production
Price of $30.96 x 50 order) = $360.59 x 50 order) =
Project $1,548 1 $18,029.50
# Hrs. in 50 units x 2.0 hrs. = 100 50 units x 4.5 hrs. = 225
Project '

// #Hrs. in 640 hours 640 hours
80 wk. days ' -

save % of 50% of time in .
. Goal 80 days = 160 hours save %: of 50% of time in
80 days = 160 hours

Actual 160 hr. goal value @ 100 160 hr. goal value @ 225

Performance  hr. project rate ($15.48)=- hr. project rate ($80. 13)_
Value $2,476.80 $12,920.80
Tabie 3

Cost and Performance Value Analysis: Actual Performance Value
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Chapter VII
The analysis of the actual Cost-benefit is shown in Table 4.
The data reinforces the predictions made by the forecast group that _

there would be a benefit derived from the training investment. -

Net Performance Value
Drive Disks $ 2,476.80

Transmission Adaptor  $12,820.80 .
‘ ‘ $15,297.60

Cost of Training Program for

15 members of Experimental Machining .

Group $ 1,207.50
Benefit $13,929.10

Ratio [Benefit:Cost] , 11:1
Table 4

Benefit Analysis (actual dollars) ¢ «

Although there are differences between the values of the predictians
for cost, performance value, and benefit, and the ectual values'tQat
were determined, the predicted ration of benefit tb cost for two o
predictors agreed with the actual 11:1 benefit:cost ratio.

‘The model was usable:by the- forecast group although there was
some confusion on how to calculate some .of the needed information.
In addition, the participants experienced difficulty in defining
what parts of the briefing data (Appendix C) should be used in ,
preparing the forecast. The latter problem is not one which cah be

]
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addressed by‘the model as it is very %orecaster dependent.

The forecast groqp's difficulties on the model can be focused-
on the perfofaance value calcglations. The (a) spquence of the
calculations of the performance value, (b) descriptors used in the
‘ performance value calculation, (c) lack of guidance leading to
decision points, and (d) clarity of the calculations‘required were
the main user criticisms of this part 'c;f the model.

The first issue focused‘on,the calculation in item e, "estimated
number of units achieved in training" (see Tab}e 5). The calculation
requires that_elements i, "period of evaluation," and h, "estimated
performance level during training," sequentially further iﬁ%‘h

del be known. It has been suggested that this calculatfon be
equenced between what are now elements i and j.

The second issue was the descriptors ﬁsed in the elements of the
performance valug calculation. The participants in the forecast
group found the cryptic descriptors difficult to use as guides to
initiate activities for each element of the performance value
calculation. Major changes in langgage should not be needed if the
job aid worksheet (Appendix B) becomes the primary vehicle of effort
for this part of.the model. However, some mino; changes should
enable anyone to understand what is required in the performance value
analysis. Their suggested chénges in language are incorporated into
a proposed revised performance value calculation model contained in

Table 5.
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" 4 a. Performance goal
b. Performance units of measur;
C.. Value of each performance, unit
d. rsé%imated training time to reach goa.
r-€. Estimatgq # of units achieved in training (i x h)* ~
f. Current level of performance

g. # trainees Earticipating

h. yEstimatedlgPrfbrmance level during training

o Did training produce during training? ' = ave. perf. = 0
No
= ave. perf. =a - f
Yes .

i. Period of evaluation (the ldhgest "d" of all,options
under consideration)

¥4
j. Total performance in period of evaluation [(i - d) x al + e
. " k. Total performance value for evaluation period [c X ] X q]

**].  Net performance value [k - (f x ¢ x d)]

» .

*formula changes

**additional calculations

Table 5"

ld

Summary of Changes for Proposed Revised
Performance Value Model
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. The third issue of concern was the lack of expNcit guidance
lead1ng—to deC1sion points. It was suggested that a job aid tf___,,_a//// '
assist users through decision steps would be very useful in 4he )
opgrationa?izing of this part of the modeI.. A proposed job aid to
meet this need is the job gtd-workshéet (Appendig_@):

This joﬁ\aid also inciudes the/recommenQed &aftulation sequence
chgnges as well as the addition of one calculgtion to g%ﬁrify how to"
determine net petform;nce va}Ue gain resulting from the training.
Additionally, a revision of the calculation to determine the average
performance during the training period has been included. .This
respondé to the fourth issue of concern by the }orecast group_that
some of the calgdiations‘needed were not clearly set forth. Under
'the current calculation sequence, determ1nat10n of the average
perférmance of the tra1nee during training is based on a 50% of goal
performange assumpt1on. This is supported by studies but does 'not
abply egually_to situations where improvement o existing
performance other than that of zero is the goal of the training. To
aid forecasters in determtqing the average performance during training,
if any performance'takeé place at all, it is suggested that the sum
of the performance goal plus .current level of perfo-mance, be
divided by two (éee item g, Appendix B).

‘The addition of a calculation to determine the net performance
value gain of the training helps ensure that this calculation is

carried out (see item 1, Appendix B). This is in keeping with the
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models.-concept that the net gain in performance value measured during

a épecified perind of training comparison must exceed the cost to

make that gain if there is to be a determined benefit.
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Chapter VIII

/

Conclusions and Recommendations

The STCBM allowed individuals to make forecasts regarding the
costs and resulting bénefits to be derived froﬁ a training pragram
using minimal available information, such as shop rates, production
down time, and* cJ:rént problem resolution t1me (see Appendlx C).
Furthermore all the predlctlons were con51stent regarding both
the benefit 4o the training investment and the decision to implement
the training. ‘ _

Verbal feedback from the participants following their fqred%sts
indicated a greater degree of difficulty using the model than they
had anticipat%d after- being briefed on it and reading supporting
~ material (Appendix A). Yet, all participants felt the model usable
and useful . |

All the forecasts prored to be conservative (Table 1). The
projected benefits were all less than tﬁe actual benefits derived
(Table 4).

It is recommended that the changes suggested in the summary
égction be instituted in the STCBM and that other studies be °
performed using the modified STCBM. If possible, the STCBM should
be used next in a skills traihing sequence where historic records of
units' outputs are more regdily available in order to provide a -

broader base of comparison. ) L.

1
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Forecasting the Economic | .
EZ]g
Forecasting the Economic Benefits of Training -

A medium-sized manufactgring compan& that produces electronic
circuit boards has had a_steady‘and profitable life. Even with
high employee tﬁrnover and & 12% product rejectiop rate, they make
good money. With no formal training p?ograﬁ;'in place, the. idea
of training costs never entered managemént's mind. Consciously
spending any money on training was a departure from normél practice.
The $15,000 proposed by an outside consultant for training ten
assembly workers seemed extravagent beyond reason.

The concept of éost-benefif analysis has been with us for
decades. Despite this, it is a concept which management'continues
to use selectively. Baxter's law tells us that “an error in the
premise will appear in the conclusion." To make human resources
dévelopment decisions on only costs is a faulty premiée that
continues to plague management. In the introductory situation of
circuit board production, the forecasted short-term benefits from
training proved to be in excess of $200,000.

Most organizations are not at a loss for ways to spend money.
When investment decisions are being considered; diverse options are
generally,available to management. In most instanceé, the human g
capital investment options are not accompanied by cost-benefit
analyses. Yet, the§g human capital proposals are often competing
.with investment options in greas such as capital improvgmeﬁt and

work method changes that are typically supported with explicit '

cost-benefit analyses.

N\
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. Forecasting the Economic
[3]
Managers face a major problem. Knowledge of the economics

of training, one of the major human capital arenas, is limited.

. Beyond a few studies (Cullen, Sawzin, Sisson, & Swanson, 1976;

Rosentreter, 1979; Thomas, Moxham, & Jones, 1969), attention to
the micro-economic analysis of training'has been minimal: Searches
through the literature on the costs and benefits of training will
uncover large voids in the areas of eCohomic descriptions of
training efforts, forecasting ofatraining costs and benefits, and
experimental assessment of the economic factors of training. In
addition, most cost-benefit experts focus on capital investment
and depreciation decisions and not on the value.of -human
performance. In this ariicfe, a method for forecasting the economic
benefits of trainiﬁg is presented to fill the void.

Training efforts, training results, and the aggregation of
their values in economic terms is the basis for‘making a‘cost-

benefit analysis. Assessing the gqg§§ and the gains to be expected

from training alternatives fosters rational decision making. Is

it more cost-effective to conduct on-the-job training than it is
to formalize training for a particular setting? Would it be wise
to ask an outside expert to do the training for us? Trainers

should be able to present the answers to  these questions.

Forecasting Training Costs and Benefits .

Organizations exist to make gains. Decision makers determine

what gains will be pursued by establishing goals. They theﬁ-

. ‘ 49



Forecasting the Economic

[4]
allocate resources (financial or human) to attain the goals. 1In
attempt1ng to improve organizational performance, decision makers
at the strategic plann1ng level may choose to support training or

non-training options. The training option includes both

unstructured on-the-job training and structured training progréms.

8oth incur costs. Therefore managers and their trainers should

consider the following pr1nc1p1es in making training deC151ons

e

1. Training professionals should be able to make decisions

that result in acceptable cost-benefit relationships.

2. Given an economic organizational goal, all the costs and
benefits of trainfng should be converted into monetary terms.

- 3. If the organization is in financial difficulty, improving
efficiency while maintainidg effectiveness is the primary focus.

4. If the organization is experiencing problems with quality/
performance, improving effectiveness while maintaining efficiency
is the primary focus. i ‘

There are alternative views of costs. Accountants perceive
costs as the outlays necessary to achieve a given set of outcomes.
Fimancial managers perceive costs as the value of the alternatives
foregone in order to pursue a particular course of action. For
gxample, by taking a worker off the job to receive training, the
organization foregoes the worth of that worker's potential ‘

productivity had the worker remained on the job. Copversely, to

retain an inadequately trained worker on the job eliminates "



Forecasting the Economic
[5]
expenditures for structured training while accepting below

acceptable productivity until the employee finally reaches

competence.

Cost Considerations

Training costs and, therefore, training budgets may be
inéccbrately identified by managers and trainers. All‘the costs
which an organization can identify and associate with its
tructured or unstructured training must be counted; Employees
who, are performing at the level of their performance goals are not
incurking training costs. Training costs appear whén any of the

' ’ following situations exist:

" 1. qk\qgw empldyee arrives on the job performance site, . -

2. An éxperienced employée is transferred or promoted to a
different job,\WﬁTEF'requires the acquisition of additional skills
or knowledge or a qgénge in attitude.

3. An experiencs? employee's job is modified and‘performance
of the job requires tréster of skills, knowledge, and perhaps .
different applications o%\subject-matter expertise.

4. An experienced employee has a loss in knowledge and skill.

An analysis of training\éqsts must inélude the measure of the
value of production units not E>odhced or performance not accomplished
during the period of training. Subp training costs may be measured
by comparisons of production lost aﬁsqg alternative tra;ning obtions.

Training costs also incllde measures oF\expenses directly and '

\
\
A\
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Forecasting the Economic

(6]

indirectly associated with the development and delivery of
structuréd training. Finally, training costs include the salaries
and benefits paid to trainees and others during the time ihey are
engaged in the'training process:

Measuring Training Costs '

Managers, trainers, and accountants may not always agree on
what specific items should be considered training costs. What is
important is that analysis of training costs use identical criteria
when césting each alternative under consideration. Furthermore,
the time period for measuring costs should remain cénsistent in
'order to make valid comparisons of costs between traiggng options.

The minihum measurqble'cosfs of on-thie-job unstructured
training i; the value of employee performance that is below the
perfdrmance goal dUring the training period. A Johns-Manville
study (Cullen, Sawzin,‘Sisson & Swanson, 1976) provides empirical
evidence to support the position that ihe-average performance per
employee during the périod of unstructured training is 50% of the
performance goal. |

The forecasting mode14pr0posed in this paper identifieé
generic categories of training costs for summarizing those costs
which may be unjque to the reader's organization. Categories forl
costs incurred from losses of ‘time, material, and production/ _
performance are included. General éuidelines and.exampfes of '_,}

training costs are shown in'Table 1.
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Insert Table 1 about here

Benefits Profiles

Benefit is defined as making a gain. Positivg returns on
investments are benefits. The investment may be one of time or

money or material, and the benefit derived may-be quality

(effectiveness) or quantity (efficiency) of product or service.

Another type of benefit may be organizatioh or individual performance
gains. to which value may be assigned. To illustrate, an increase ‘
in quanti®¥ of product1on per unit of time has a measurable value
when Jf%&hﬁ{ as the<ga1ngd,and-avallable for*prodUC1ng add1t1onal
products or services at a.g1ven performance levelgu Likewise,
quality can be measuyed as a gain in the value of ﬂ;its produced
(ile., less‘rejects, lower service, and warranty costs) at the
same %evel of performance.. The value of perfo;mance is an important
part of the training cost-benefit forecast model. Determining the
Vélue of performance reqﬁires'that the total performance or
performance uni;s that make up the performance be identified.
This is not always as obvious as one might fifst think and remains
the critical task in each analysis effori.

Performa;ce value is basically the financial worth of performance
units in an enterp}ise. ‘Performance units can be expressed in any

manner indigenous to an organization. They should be judged bq,ﬁ

common comparison time period when training options are being

il
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compared.
. Cost-Benefit Forecasting Method
In its simplest form, cost-benefit forecasting requires thaf
the increases in perforhance values, minus the training costs, and.
the reéulting‘benefiis be determined for each training alternat{ye'
under. consideration. When the performance value exceeds the cost,

the trainfng yields a benefit. If the costs exceed the performance

value, no banefit results. The Highest projected benefit among

__training alternatives leads the decision maker to the most

desirable option (see Figure ff.

!

Insert Figure 1 about here

Analysis; of Costs

In analyzing costs, care must be taken to include all the

costs attributane to a specific training option. Costs are

. calculated .for staff tfme, trainee time, consultants, materials,

’

space, etc., needed to cpmple}g/each steﬁ‘in the training process;
needs analysis, wbrk béhavid; analysis, design of treining,
implementation, gnd evaluation. _Accounting for costs may be
expressed as total costs per trainidg éption or as costs per trainee
in each option. '

-

Analysis of Performance value

Performance value is defined as the worth of" performance'unlts

produced in dollars. Making ‘valid comparisons of alternative

o4
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training options requires the analyst to set'a base time period to

be used in calculating performance values for each traiﬁ}ng option.

., This time period is set at the longeSt pericd of time required by

any of the training options under consideration to bring trainee

performance up to the performance goal level (see FiguréNZ).

Insert Figure 2 about here
y

'If on-the=job unstructured training is one of the options, this -

usually requires the longest time. The following data and

calculations are required to implement the forecasting model:

~(a) performance goal

(b)*pe;formaﬁce unit of measure

(c) currency value of each performance unit

(d) time required to attain performance goal

(e) number of berformance units achieved in training period
(i x hx a) - ' .

(f) existing level of performance

(g),nuMPef of trainees

{h) avegage performance level during trainingeperiod

(i) period of comparison (longest "i" of options being
considered) |

(j) total performance units in comparison period _
f(i -d)xal +e } gy

(k) total value of performance (c X j x g)
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A Cost—Benéfit Forecasting Case Study .
In this real-life case study employees of a manufacturer of

specialized circuit boards for electronic equipment have been

|
|
\
| trained by an unstructured on-the:job method. Tha firm's circuit
- board assembly workers read at an average level of seventh jrade, -
and they all experience difficulty in understanding the English
language. Approximafély forty (40) work’ng days are required for
a new assembly worker to reach the acceptable performance level of
threé good circuit boards every two days. Each cir;uit board is
valued at $600. Assembly workers are paid $9 per hour. Once ‘
\wor&ggg;fgach tpe performaqce goa[ level, they generally experience
a rework rate of one (1) c&rcuit board out of eighteen (18) because
of poor solder}ng or incorrect pésitioning of one or two installed |
parts. Management is considering designing or contracting for a
training programfto decrease the time required for new assgmbly
workers to achieve the current acceptable level of pertormance.
They are considering the use of a commercially available ten-day
training course at a cost of $1500 per trainee. This course provides

training in basic §pldering technihue, component identification,

\
blueprint reading, iY§trument calibration, basic circuitry design,

k%nd.s&stems diagnostics. \\\\\

. e

Additionally, management hired a training consultant to do a
f

theory and practice,
training needs assessment and propose content for. an In-House °

training course as a péssible alternative to meet the manufacturing

f
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skill needs of the compahy. The consultant submitted a report and

a bill for $2,200. The consultant recommended that in order to

meet the manufactpring skills needs’of the company, the training

should cover ba51% soldering £echniques, identification of components

for the circuit board, and electronic circuitry -blueprint-reading..

He further recommended that the workers be provided w{th job aids

to help them in identifying correct components and proper

instal lation. The conéultant recommended that the job aids should

be 8" ¥‘10" color photos of correctly built circuit boards. He

felt this would facilitate workers' continued learning of the

proper identification and placement of components. The consuitant |

also recommended.that the total training time would negd to be

eight working days at the conclusion of which the new assemblers |

should be able to produce at the rate of three boards every two !

days at the current-quéiity level. Management believes that

development and dqlivery'of the in-house training course could be ‘

handled by the in-house training.staff and the chief electronic

engineer. Temporary clerical support will be hired\to assist ' -

during the analysis, design, and development stéps.

Management must decide whether ten new employees wg}T receive

the in-house training, whather they will attend the commercialiQL\

available training course, or whether they will be trained on the -

job as in the past. A cost-benefit analysis of the three trqiniﬁg \\\\\\\

options under consideration--unstructured, commercial course, or

#
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in-house training--will lead the decision maker to the highest
projected benefit, which in this case is option #3, in-house '

training (Figure 3). The forecasted benefit was $270,444.

Insert Figure 3 about here

Table 2 illustrates the cost analysis and Table 3 the performance

value analysis that lead to benefit analysis and option decision.

Insert Table 2 about here

Insert Table 3 about here

This real-life case study was the first of a series being
conducted in Onan Corporation by the Center for Employee Training
and Development, University of Minnesota. Studies presently
underway include forecasting the costé and benefits of geometric
tolerancing téaining, welder training, secretarial grammar and

punctuation training, and manager writing skills training.

Conclusion

Analysis of the economicé of training has become one of the
most important issues of the decade for business and industry.
The quality of the analysis tools available to managers. and

¢

training professionals will affect the quality of their training
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decisions The cost-benefit analysis described in this article
demdnstrates that training decisions can be made on the basi556f
\;iiional thought and economic analysis. 2
Cost-benefit forecasting methods, such as the one presentéd
here, are important decision-making toals in the workplace. 5
Managers and trainers who can-discuss training éctivities in X
economic terms will be at an advantageous position in contributfng
to the strategic pians for the human capital in their firms. As.
'management thinks more seriously about human éqpital and about .
strategic planning for human resources,‘}@e training function will
become more central to the firm. Furthermore, those who understand
the economics of training will be in a better position to

contribute to the vitality of their organizations.
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Table 1
Cost Analysis Categories
Cost analysis categories Guidelines/Examples
Staff . - Wages of clerical/secretarial, hourly

or salaried subject matter experts,‘
trainers or other employees inyolygd_ o
in the trainiﬁg effort.
External Consultants Fees and associated expenditures for
externally hired subject matter and .
training design experts involved in
the specific training effort.
Materials Items which will either becbme a

permanent part of the specific

training effort or which will be

R consumed in the training related
effort.
External Support Costs Professional, skilled, or semi-skilled

v labor or services required to
support any or all aspects of the
training effort.

Trainee Wages, mileage, 10dgi6§, andlmgqi
expenses associated with trainee

(table continues)

!
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Cost analysis categories

Facilities

Tuition/fees
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Guidel ines/examples '\

1
attendance of training effort.
\

Expenses assbciated with room or
equipment rental, utilitie§, or
facility modification direé}ly
related to the specific tra&ning
effort. | ‘

Expenses directly related to séhool

tuition, fees, books and materials,

and lab costs associated with a

given training effort.
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Table 2

) Cost Analysis-

Option: Commercial ~-In-house

1. Needs analysis/planﬁing

Staff . ) $ ~ 624,
External consultant costs 2,200. —
\
Materials 400
subtotal $ 0 3,224

2. MWork behavior analysis

' Staff ‘ a0
External consultant costs ‘b \
Materials 100
3 subtotal $ 0 510
: 3. 'Design
Staff ' ' - 2,440
External consultant costs 0
Materials 500

External support costs

subtotal-k 0 3,540

(table continues)

G
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X Option: Commercial  In-house
4. Development )
Staff B $ 270
External consultant ;oéts B B 0
Materials 100
External support costs 750 ‘
600
subtotal $ 0 1,720 1
s, Impumékaﬂﬁﬁ e e
Trainee (#10 ) 7,200 5,760 ]
Facilities | ‘ l
Tuition/fees - 15,000 . 0
Staff 294
Materials 2,000
subtotal § 22,200 - 8,054 1
6. Evaluation
Staff 208 1
External consultant costs ) 600 }
|
\
|
. .
subtotal §$ - 0, 808
Total costs § | 22200 17856
Cost per trainee -

$ 2,220 1,785
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Table 3
Performance Value Analysis
i# #2 #3
Unstruc  Commerc  in-house
A. Performance goal 1.5/day 1.5/day 1.5/day
B. Performance unit of measure fboards boards boards
C. Currency value of each $600 $600 $600
‘performance unit \ '
D. Time required to attain " — 40 days— —~10~days—8-days
perforTance goal . -
E. Nymber of performance units 30 0 0
achieved in training -
period (i x h x.a)
F. Existing level of performance 0 0 0
G. Number of trainees 10 10 10
4. % performance level during 50% 0% 0%
training
I. period of comparison 40 days 40 days 40 days

J. Total performance units in
comparison period

#1 [((40 - 40) x 1.5] + 30 30
@) @ TaT (e)

#2 T(40 - 10) x 1.51 + 0
#3 [(40 - 8) x 1.51 0

65
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(table continues)
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Total value of perfarmance

#1 600 x 30 x 10 _
Ty ) (9

#2 600 x 45 x 10 _

#3600 x 48 x 10 _

Forecasting the Economic
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#1 g2 43
Unstruc  Commerc  In-housde

$180,000

$270,000
$288,000
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(a)
(b)

QC)

(d)

(e)

{5). -

(a)

(h)

(i)

(i)

(k)

(1)

@ " Mppendix B

Performance Value Calculation Worksheet -

What is the performance goal of the treining?

What units of measure will be used to describe
performance? ‘

What is the value of each unit of measure?

What i% the estimated training time to reach
the goal?

What is the current level of worker performance?

How_many. _workers.will participate in the training?

What is the estinated performance level during
training? ‘
Will trainee produce during training?
No=20

Yes=-——2~—

What is the length of the,perioa being evaluated (the
longest "d" of 'all options under consideration)? -

What is the estimate of the total # of units (b)

that will be achieved during training? [h x g]°

What is the estimate of the total perfqrménce
for the evaluation period? ([(h-d) x a] + i

What is the value for the total performance for
the evaluation period? [c x'j x f) $

What is the net performance valué gain?
[k - (e x ¢ x d)]
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Appendix C

Experimental Machining Work Group Interview Summary

The workers within the Experimeﬁtal Machining Department at

Onan Corporation perform: X S
* custom produbtioﬁ of prototype equipment and parts
* limited custom production runs’

* axperimental machining and fabrication of modifications to
existing production units

* evaluation of new designs for main plant production
feasibility . — : ~

The worker experience of the group ranges from 3 to 15 years.
The manager and work group identified the following problems:

* Difficulty with reading and interp?eting blueprints

-Machinists did not understand all engineering symbols
and were unable to make inferences form scant engineering
drawings. ‘

* Credibility with engineering grodp

-Machinists lacked the theoretical background and formal
methodology training to calculate changes in dimensioning
to engineer-prepared designs.

"Gut feelings" about whether or not a *equ1red operation
%ould work or not, were ignored by the engineer group until
a unit was completed and proven unsatisfactory or procedures {
which were called out in the design could not be carried out !
on existing equipment.
The manager and workers in the Experimental Machining Department
have suggested that a training program in geometric tolerance
techniques would enable them to understand the engineer-prepared
work drawings. This would result in less time in clarification as
well as reduce scrap and labor due to misinterprétation. Additionally,

they submitted that they would be able to calculate engineering,

acceptable work drawing changes that would reflect procedural or R
layout modifications required to insure production feasibility.
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The objective of the group was to reduce the amount of shop
time spent on wasted prototype production effort by 50% on projects
with problems and to identify those prototype projects with potential
machining problems before set-up, jig making, and machining. This
would be achieved by application of geometric and tolerance skills
in pre-production review of drawings for feasibility and by post
"first- plece" production application of these sk1lls in developing
procedures and layout mocifications to address problems identified
during first prototype effort. ’

It was anticipated that 90% of the potential problems would -be
identified and resolved in the pre-production review and that the
prototype machinists would be able to resolve those problems that
were revealed during the first machining effort.

Data which has been provided by the Experimental Machining

!

D epartment:

* A typical prototype machining effort may. take from 4 hours
for general machining to 5 days for speC1a1ty mnwchining.

* The engineering group typically takes 2-20 hours of effort
to resolve a geometric tolerance problem.

* Shop rates for prototype work:

* ~In house: $17.50 per hour
-0ut shop: $150.00 per hour

* 50% is the estimate of engineer drawings that have potential
or obvious problems that the machinists would be able to
resolve with geometric tolerance skills. 7
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Appendix D

Conversion of 01d Model to Proposed revised Model

Elements Formulas

3
a=a
|
b=>
cC=C 1“
d=d |
e=i ' (ixh)=(hxg)
f=ze 3 ’
i
g="* :
h = NO:—‘-’IO _ NO:O
=9 Yes=a~-f " Yes=a-e |
. —
i=h 5 |
i=] [(i—cl)#a}+e=[(h~d}xa]’+i
|
k=Kk cXxXjxg=cxjixf
N k-(fxexd) =k~ (excxd)
" . \
' * new element |
) ‘ \
‘: - \
. ! \
' M \\
\ i
| | \\
\ \
\ \
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